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1 DUCTION

This revised work plan was prepared as an addendum to conduct an ecological
inventory/assessment at the Hi-Mill Manufacturing Company site and adjacent areas.
Information contained in this work plan amends the October 26, 1989 Work Plan prepared by
Techna Corporation (Plymouth, MI). The ecological inventory/assessment was initially
presented in the draft technical memorandum submitted to the U.S. Environmental Protection
Agency (USEPA) and Michigan Department of Natural Resources (MDNR) on November 18,
1990. The scope of this work plan was discussed by representatives of the USEPA and
Geraghty & Miller during a pre-Quality Assurance Project Plan (QAPP) and work plan meeting
on February 21, 1991. A revised sampling plan (Section 2.0) and revised QAPP (Section 8.0)
were completed as addenda to the October 26, 1989 project plans. Appendix A contains the
September 5, 1991 comments by the USEPA and the September 11, 1991 response by Geraghty

& Miller.

An ecological inventory/assessment will be completed at the Hi-Mill Manufacturing
Company site in Highland, Michigan. Results from this activity will provide decision makers
with information on threats to the natural resources associated with contaminants or with actions
designed to remediate the Hi-Mill Manufacturing Company site. A degree of uncertainty will
be associated with these decisions. This ecological inventory/assessment is intended to reduce

the inevitable uncertainty related to understanding the environmental impacts at the site and its
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remediation, and to provide boundaries on the uncertainty. The ecological inventory/assessment

will reduce but not eliminate uncertainty associated with the technical issues at the site.

The goal of this ecological inventory/assessment is to complete an appraisal of the actual
or potential effects of the Hi-Mill Manufacturing Company site on the adjacent ecological
resources. This goal is consist with the recently revised National Contingency Plan (NCP) (40
CFR 300) which calls for the identification and mitigation of environmental impacts at hazardous
waste sites and the selection of remedial actions that are protective of environmental organisms
and ecosystems. Several sections [e.g., 105(a)(2), 121(b)(1), 121(c), and 121(d)] of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (42 USC
9601 et seq.), as amended by the Superfund Amendments and Reauthorization Act of 1986, state
that remedial actions at hazardous waste sites must be protective of human health and the
environment. To achieve the goal of the ecological inventory/assessment, three principal
activities will be conducted. The scope of the ecological inventory/assessment was initially
presented to the USEPA and MDNR in a November 15, 1990 draft technical memorandum. The
scope of the ecological inventory/assessment was later discussed with the USEPA at a pre-QAPP
and work plan meeting on February 21, 1991. The ecological inventory/assessment will include
an evaluation of sediment toxicity (bioassay) in Target Pond which is adjacent to the Hi-Mill
Manufacturing Company site (Figure 1-1), conducting a qualitative ecological inventory of

aquatic and terrestrial resources, and completing a literature survey. These activities and
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associated tasks are discussed in the following sections. Prior to the discussion of the ecological

inventory/assessment a brief history of recent investigative activities at the site will be provided.

1.1 History

Operations at the company began in 1946. Hi-Mill Manufacturing Company fabricates
copper, aluminum, and brass (an alloy of copper and zinc) tubing parts and fittings. Production
activities have included cutting, machining, forming, shaping, and soldering of the raw tubing
and fabricating tubing components. Support operations have included nitric and sulfuric acid
cleaning and brightening, chromic acid washing and chlorinated solvent degreasing. Prior to
1960 and continuing until 1981 process wastewater was discharged to a lagoon located
immediately southeast of the Hi-Mill building. A second lagoon was constructed during 1976.
In 1981 discharge to the lagoons ceased. During 1983 the sludge which had collected in the
larger lagoon and surrounding soils were excavated and appropriately disposed of off-site. The

MDNR provided over-sight during excavation activities.

The Hi-Mill Manufacturing Company site occupies an irregular parcel of approximately
4.5 acres. The company is bounded on the northwest by Highway M-59 (Highland Road) and
on the remaining sides by the Highland State Recreation Area. Target Pond is located east of

the company and is contained within the Highland State Recreation Area. Target Pond covers
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approximately 8 to 10 acres. The remaining portion of the recreation area, adjacent to the

company, consists of wetlands, forest, and open fields.

The Hi-Mill Manufacturing Company site was proposed for the National Priorities List
(NPL) in June 1988. This action was taken by the USEPA, in part, based on available
information which indicated that heavy metals from the site may have contaminated the surface

water and sediment in the adjacent Target Pond.

A series of Remedial Investigatidn (RI) project plans were completed and approved by
the USEPA and MDNR in October, 1989. During February and March 1990 surface water and
sediment samples were collected from Target Pond, a drainageway from Target Pond, nearby
Waterbury Lake, and a background pond located approximately 1,000 to 1,500 southeast of the
company. Results from this sampling and analysis were presented in the June, 1990 RI report.
The levels of three inorganic constituents in surface water samples collected from Target Pond
were known to exceed the 1986 USEPA water quality criteria (USEPA Publ. No. EPA 440/5-
86-001) and the MDNR Rule 57(2) guideline levels (January 30, 1990 version). The
concentration of several inorganic constituents in sediment samples collected from Target Pond
were higher than background levels obtained from sediment samples collected from the

background pond.
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In response to the November 15, 1990 draft technical memorandum and the February 21,
1991 work plan meeting, three major activities will constitute the ecological
inventory/assessment. These activities will include an evaluation of sediment toxicity (bioassay)
in Target Pond and Waterbury Lake, an ecological inventory, and a literature search. These
activities are discussed in the following sections. Aspects of the sediment and surface sampling
are discussed in the attached sampling plan (Section 2.0) and QAPP (Section 8.0). These two

plans were completed as addenda to the original October 26, 1989 documents.

1.2 Bioassay

Recent analytical data collected from the sediment samples in Target Pond indicated that
the levels of several inorganic constituents were higher than background levels (Appendix Y,
June 21, 1990 RI report). The locations of the sediment samples collected during February 1990
are presented in Figure 1-2. The levels of aluminum, chromium, copper, and zinc in sediment
samples from Target Pond were statistically above (i.e., higher than the 95% upper confidence
limit for background samples) background levels. The background level was defined as the 95%
upper confidence limit of the mean based on the four samples collected from the background
pond. The method of establishing background concentration was calculated in accordance with
MDNR guidance. Aluminum was uniformly above background in all twenty sediment samples

collected from Target Pond. Levels of chromium and copper generally exceed background
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concentrations in samples collected from the northeastern portion of Target Pond (Appendix Y,
June 21, 1990 RI report). It should be noted that this is a general pattern because copper was
detected above background in other samples (e.g., TPOS and TP09). Other sediment samples
collected in Target Pond distant from the Hi-Mill Manufacturing Company (e.g., 238 mg/kg of
copper at Sampling Location TP12) contained chromium and/or copper levels which exceed
background levels (Figure 1-2). The concentration of zinc in the sediment sample collected from

Sampling Location TPO8 exceeded the background level.

During the initial RI field work samples were collected from surface sediment surface
(<1 foot deep) and from 1.5 to 2 feet below the sediment surface at five locations (Appendix
X, June 21, 1990 RI report). The sediment samples containing chromium, copper. and zinc
above background levels were all surficial samples. In every situation except one (208 mg/kg
of zinc at Sampling Location TP08), the concentration of aluminum, chromium, copper, nickel,

and zinc was higher in the surficial sediment samples (Table 1-1).

Based on this horizontal and vertical distribution of inorganic constituents in Target Pond,
future investigative activities will focus on the surficial sediments in the northeastern portion of
Target Pond (Figure 1-3). Three additional surficial sediment samples will be collected from
the northeastern portion of Target Pond while the fourth sample will be collected from the east-

central portion of the pond. The three samples from the northeastern portion of Target Pond,
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near the Hi-Mill Manufacturing facility, are intended to represent potential "hot spots" where
the concentration of inorganic constituents would be highest. Two background samples will be

collected from the southern portion of nearby Waterbury Lake (not shown on Figure 1-3).

Additional information on the levels and actual ecological impact of inorganic constituents
in the sediments of Target Pond is required for two reasons. First, just because the levels in
Target Pond are statistically above background levels (i.e., higher than the 95% upper
confidence limit for background samples) does not necessarily mean that an adverse ecological
impact has occurred. Second, measurements of total or bulk concentrations in sediment does
not provide information of the bio-availability or toxicity of the constituents. To evaluate the
actual ecological impact in Target Pond a sediment toxicity evaluation (bioassay) and additional
chemical characterization of the sediments will be completed. Four sediment samples will be
collected from Target Pond and two sediment samples will be collected from Waterbury Lake.
The bioassays will provide a direct empirical assessment of sediment quality in Target Pond.

The tasks associated with the bioassay will include:

(1) A sediment toxicity evaluation of samples from Target Pond and Waterbury Lake

will be conducted using a 10-day static bioassay procedure with Hyalella azteca
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2) Determining the concentration of inorganic constituents on the USEPA Target
Analyte List (TAL) in sediment samples collected from Target Pond and

Waterbury Lake.

3) Determining the temperature, pH, moisture content (total solids), total organic
carbon, and grain size distribution of the sediment samples collected from Target
Pond and Waterbury Lake. These parameters can influence the mobility or bio-

availability of inorganic constituents in sediment.

)] Determine if a relationship exists between the concentration of inorganic

constituents in the sediment samples and resuilts of the bioassay.

The specific procedures to collect the sediment samples are discussed in the attached

sampling plan (Section 2.0). The bioassay procedure and chemical analyses for the sediment

samples are discussed in the attached QAPP (Section 8.0).

1.3 Ecological Inventory

A qualitative ecological inventory will be completed of the Hi-Mill Manufacturing

Company site and adjacent areas. The ecological inventory will consist of a terrestrial survey
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(Section 1.3.1) and an aquatic survey (Section 1.3.2). In addition to these surveys natural
resource trustees and other technical specialists will be contacted to determine if threatened or
endangered species exist at or near the site. A jurisdictional wetlands delineation will not be
conducted at this time. Depending on the final remedy selected for the site, a jurisdictional
wetlands delineation may be conducted before the remedial design process is completed. Areas
adjacent to the site are classified as wetlands on the National Wetlands Inventory map for the

area. The following two sections provide a discussion of the terrestrial and aquatic surveys.

1.3.1 Terrestrial Inventory

A qualitative terrestrial inventory will be conducted at the Hi-Mill Manufacturing
Company site. The area of the terrestrial survey will be bounded on the south by Waterbury
Lake and the North Arm of Waterbury Lake, on the east by Highway M-59, and on the west

by Target Pond. The approximate limits of the terrestrial survey are indicated on Figure 1-3.

The presence of animals at the site will be evaluated by recording different signs. This
will include but is not limited to birdnests, tracks, birdsongs, runways, and droppings. The field
staff conducting the terrestrial survey will walk a number of transects to characterize the major
terrestrial communities. The number and location of the transects will be determined by the

field staff in cooperation with the USEPA. The field work associated with the ecological
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inventory/assessment will be conducted during a few days and observation stations will not be
established. The credentials of the field staff conducting the survey will include graduate
training in terrestrial ecology. If appropriate university faculty members (University of
Wisconsin and University of Michigan) will be consulted to make certain correct field
identifications are completed. The university faculty members will have extensive experience
in the identification of fauna and flora in eastern Michigan. The fauna and flora will be
identified to the lowest practical taxonomic level. Woody plants will be identified to species and

the forbs and grasses will be identified to genus.

In general the inventory will consist of a description of the major terrestrial biotic
communities on-site and adjacent to the site. Biotic communities or habitats will be
characterized by the type and relative abundance of flora and fauna they contain. In addition,
a limited evaluation of potential stressed communities not related to site contaminants will be
conducted. Field observations and estimates will be conducted in as consistent a manner as

possible throughout the various biotic communities across the site.

The objective of the terrestrial inventory is to gather qualitative information on the

ecological communities present (or expected) at the site, the potential and probable pathways by

which biological receptors could be exposed to media containing site-related constituents;
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identification of probable and potential biotic receptors and any readily apparent evidence of

stress on biological receptors at the site.

The survey will identify which major communities exist or are expected to exist at the
site. Habitat models will not be used. Also a detailed inventory of pre-settlement communities
or surveyor notes will not be consulted. The U.S. Soil Conservation Service County Soil map
will be reviewed and incorporated into the survey. A general list of plants and animals expected
to occur at the site will be developed from a review of readily available literature on the
terrestrial communities of eastern Michigan. Based on this review of previously published

information, no effort will be made to abbreviate the lists of species.

The information gathered during the ecological inventory will be used to provide site-

specific information on:

(D) the general occurrence and distribution of flora and fauna observed at the site

(and expected to occur at the site) and characterize terrestrial receptors

(2) the general diversity of major terrestrial communities at the site

3) occurrence of potentially sensitive and important ecological resources at the site.
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The data (i.e., location of habitats, observations and estimates of flora and fauna diversity
of major terrestrial communities) obtained from the ecological inventory will provided important
information that will be used to prepare the baseline risk assessment, and establishing site food

chains and receptors.

A qualitative terrestrial assessment will be completed and the results presented in a
narrative form. A quantitative survey (e.g., hard data) will not be completed during this phase
of the assessment. A descriptive assessment of floral diversity will be provided. Major
terrestrial communities will consist of areas containing relatively homogenous flora and
associated fauna. A specific criteria for the definition of major terrestrial communities is not
provided, however, we anticipate that fewer than ten major communities will be encountered at
the site. During the site visit the presence of minor terrestrial communities, some of which

might be rare, will be described if they are present.

The investigative approach for the terrestrial inventory will include a number of
procedures. The identification of major floral communities and characterization of vegetative
species within each community will be completed. A literature review will be conducted to
determine flora and fauna communities expected to be present on-site and immediately
surrounding the site. A preliminary review of existing maps, soil reports, etc. to identify

drainage patterns, soil types, mapped wetlands topographic features, etc. will be conducted prior
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to initiating field work. Major upland and potential wetland communities will be identified on
the most currently available aerial photograph. The upland communities will be categorized as
being either forested, shrub, or open field. The extent of coverage in acres and location of each
of these community types will be estimated from the aerial photograph. The field evaluation will
consist of verifying the coverage estimates and vegetative community locations. Observations
and identification of vegetative species within each defined communities and an estimate of
general abundance of plant species within each strata (herb, shrub, and trees) will be recorded.
An estimate of the relative age and size distribution of trees will be recorded. The relative age
of the trees can be estimated by measuring their diameter at breast height (DBH). The growth
of trees near the site may have been attenuated resulting in an underestimation of relative age
based on DBH. The age of six trees at the site will also be estimated by taking small-diameter
cores from their trunks and counting the number of growth rings. The age of the trees, based
on the growth rings, will be related to the DBH. To establish this relationship cores will be
collected from three impacted trees near the site and taking cores from three trees in an
unimpacted area. The holes in the trunks will be filled with sealant. The trees selected for this
work will be of the same species and growing in similar environments. Qualitative observations
of soil flora and fauna (including the litter layer depth, if present) will be recorded. Field
identification of environmental processes thatl affect the fate and transport of site-specific

constituents along with an identification of potential media of transport will be performed. This
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field identification will be focused but not limited to those areas of the site with known site-

specific constituents.

1.3.2 Aquatic Inventory

Recent analytical data collected from the surface water samples in Target Pond indicated
that the levels of three inorganic constituents exceeded the USEPA water quality criteria and the
MDNR Rule 57(2) guideline levels (Appendix W, June 21, 1990 RI report). Specifically, the
concentrations of copper, nickel, and silver in surface water samples from Target Pond exceeded
the regulatory criteria (Table 1-2). Inspection of the analytical results revealed that the
maximum concentration of copper in the background pond also exceeded the regulatory criteria.
The maximum concentration in the surface water sample from Target Pond was 9% higher than
the maximum concentration of copper observed in the background pond. The maximum
concentration of silver in the background pond was greater than the maximum concentration
observed in Target Pond. Fifteen surface water samples were analyzed for levels of nickel. Of
the fifteen samples, ten were qualified as estimated concentrations because the duplicate sample
results were not within control limits. An obvious spatial pattern in the nickel concentrations
from surface water samples in Target Pond was not apparent. For example, nickel was not
detected in two surface water samples (Sampling Locations TP07 and TP11, Figure 1-2)

collected adjacent to the Hi-Mill Manufacturing Company site. The highest observed nickel
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concentration in Target Pond was from a sample (TP09, Figure 1-2) collected approximately 400

feet from the Hi-Mill Manufacturing Company site in the southern portion of Target Pond.

Previously, surveys of Target Pond were conducted by the MDNR. These results
indicated that selected inorganic constituents were elevated in surface water samples collected
from Target Pond. This chemical information is considered qualitative and does not necessarily
support changes in concentrations over time. In the absence of cross calibration, of appropriate
standards, and of inter-laboratory comparison such long-term data should be viewed cautiously.
For example, Shapiro and Swain (Science, 221: 457-9) provide a critical review of the apparent
long-term silica decline in Lake Michigan. The authors concluded that the apparent decline was

actually the result of changes in sampling and analytical methods used over a period of years.

One interesting aspect of the 1984 MDNR survey was the apparent absence of adverse
impact to the phytoplankton, zooplankton, and macrophytes in Target Pond. Mr. David Kenaga,
the author of the 1984 survey, reported that Daphnia were very abundant at the sampling site
nearest the Hi-Mill Manufacturing Company. The copper concentration in the surface water
sample from that location e;xceeded criteria for aquatic life. Mr. Kenaga went on to state that
Daphnia is generally considered sensitive to relatively low copper concentrations. The copper

in Target Pond could be sequestered in a form that is not toxic to Daphnia. Daphnia could

become concentrated along the margin of Target Pond. Zooplankton tend to accumulate on the
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leeward side of lakes whenever a fairly strong wind persists for an appreciable period of time.
Wind direction, velocity, and duration immediately before the MDNR sampling were not
reported. Also, it is not known if the fetch and orientation of Target Pond is sufficient to allow
significant hydrographic water movements. The wind-induced movement of zooplankton, if it
occurs in Target Pond, is a relatively slow process. It is not likely that zooplankton could be
slowly transported to an area of Target Pond containing toxic levels of a constituent and remain
viable. The proposed ecological inventory/assessment will provide information on the
occurrence, composition and relative health of the zooplankton community at several locations
in Target Pond. Once this information is available, an assessment of aquatic impacts will be
completed. The 1984 MDNR survey also reported that chironomid midges were present in the
sediments of Target Pond. A detailed investigation of the benthic macroinvertebrates inhabiting
the sediments was not completed, however, midges are generally considered to be relatively
tolerant of metal-contaminated sediments. In conclusion Mr. Kenaga stated that the presence
of variety of filamentous green algae (Spirogyra), flagellates (Euglena) and other algae
(Scenedesmus, Qocystis, Synedra, Oscillatoria, and Mougeotia) and macrophytes (Typha,
Scripus, Lemna minor, Elodea, and Potomageton) indicated that the discharge (from the former

lagoon) did not have much impact on these aquatic plants.

Additional information on the aquatic communities of Target Pond is required. This will

consist of assessing the relationship between the previously described water quality of Target
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Pond (presented in the June 21, 1990 RI Report and MDNR data) and any qualitative changes
in the aquatic community between Target Pond and Waterbury Lake, a control site. Samples
will be collected during a single sampling event from the same four sites in Target Pond and two
locations in Waterbury Lake where the sediment sampling will be conducted (Figure 1-3). The

tasks associated with the aquatic inventory will included:

(1) Completing a qualitative survey of the phytoplankton, zooplankton, and benthic

macroinvertebrates in Target Pond and Waterbury lake.

2) Determining if qualitative changes in the phytoplankton, zooplankton, and benthic
macroinvertebrate community exist between Target Pond and Waterbury Lake.
Specific comparisons within Target Pond and between Target Pond and
Waterbury Lake for the phytoplankton, zooplankton, and benthic
macroinvertebrate assessments will include a tabular and graphic presentation of
the results. These presentations will include information such as a list of taxa,
number of individuals, relative abundance, and tolerance to contamination. A
narrative description of the results will be provided in which qualitative changes
(if present) will be discussed. Dr. Meier (University of Michigan, Ann Arbor,
MI) will provide an assessment of the relative tolerance of specific aquatic

organisms to contaminants.
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The specific procedures to collect the surface water samples are discussed in the attached

sampling plan (Section 2.0)

1.4 Li r

A number of trees near Sampling Locations TPO8 and 11 (Figure 1-2) have died. The
reason for these trees dying is not known. To evaluate whether the observed concentrations of
inorganic constituents in the soil and sediment samples could have killed the trees a literature
search will be conducted. A number of databases will be searched for toxic impacts to trees
caused by reported concentrations of inorganic constituents in the adjacent soil and sediment.
This information will include (if available) bioaccumulation potential, uptake rates,

bioconcentration factors for flora and fauna.

The Aquatic Toxicity Information Retrieval System (AQUIRE) is maintained by the
USEPA Environmental Research Laboratory in Duluth, Minnesota. A search of this data base
will be completed using one of two commercial services. The actual search will be conducted

by Chemical Information Systems (CIS) or Technical Database Services.

Personnel at the Duluth laboratory stated that AQUIRE might not contain the most

recently available literature. Depending on the search results using AQUIRE additional
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databases may be searched. These databases may include Biological Abstracts, Bios, Chemical
Abstracts, Pollution Abstracts, Aquatic Sciences and Fisheries Abstracts, and the National
Technical Information Service (NTIS). These databases will be accessed through the University

of Wisconsin.

Information generated during the ecological inventory/assessment will be included in the
RI report which is scheduled to be completed in July 1991. This information will help to define
the nature and extent of contamination at the site. Actual and potential adverse ecological
impacts associated with contaminants at the site will also be included in the RI report.
Components of the ecological inventory/assessment will be used to address important exposure
pathways and environmental receptors at the site. This material will be incorporated in the
baseline risk assessment. Aspects of the ecological inventory/assessment will be included during

the screening of potential remedies for the site.

BIZ2HIMILL/workpian.
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Table 1-1 Comparison Between Inorganic Concentrations in Surficial Sediment Samples
and Sediment Samples Collected at Depth.

(a)

Sampling Inorganics (mg/kg)

Locations Al Cr Cu Ni Ag Zn Cr(+6) % Solids
TP0O4 28,400 145 429 41.9 <4.1 10.4 <0.22 45.4
TP04-1 11,800 24.9 18.4 28.2 <2.2 5.4 <0.12 82.3
TPO6 21,500  36.2 64.8 20.1 <3 51.5 <0.17 58.2
TPO6-1 15,300 25.4 7 27.8 <2.2 52.5 <0.12 83.1
TPO? 27,800 50.9 105 27 <3.2 82 <0.19 53.4
TP07-1 (Avg.) 14,950  26.7 13.1 26.3 <2.3 54 <0.13 79.1
TPO8 28,600 256 982 33.1 <3.1 208 <0.18 55.7
TPO8-1 15,500  30.5 6.6 30.6 <2.2 53.1 <0.12 8.2
TP11 21,500 974 1860 22.8 <2.6 65.3 <0.15 67.2
TP11-1 13,800 32 15.1 22.7 <2.3 41.1 <0.12 79.6
a = Sampling locations from Target Pond; surficial sediment (e.g., TP04) and sediment

collected from 1.5 to 2 feet below the sediment surface (e.g., TP04-1). See Figure 2-1
of the June 21, 1990 draft Remedial Investigation report for specific sampling locations.

= The concentration in the sediment sample (TP06-1) collected at depth exceeded the concentration

in the surficial sediment sample.
Notes:
(1) Sample results taken from the June 21, 1990 draft Remedial Investigation report.
(2) A duplicate sample was collected from TP07-1 and the average concentrations are presented.

(3) The concentration of zinc in TP06-1 did not exceed the background level. The only sample to

exceed background levels for Zinc was TPOS.

832hi-mill/compar. wk1
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Table 1-2. Comparison Between Regulatory Criteria and Maximum Work Plan Concentrations
of Inorganic Constituents in Surface Water Samples.
Reporting USEPA MDNR Maximum Concentrations

Inorganics Limits Critena Rule 57(2) Background Pond Target Pond
Aluminum 200 NS NS <85 5,360
Antimony 60 610 NS 65.4 <61
Arsenic 10 190 184 <3 <3
Barium 200 NS NS <42 <42
Beryllium 5 53 NS <1 <1
Cadmium 1.36 0.5
Calcium 5,000 NS NS 26,500 44,500
Chromium (+3) 10 250 58 9.3* 28.5*
Cobalt 50 NS NS <14 <14
Coppe 14 i
Iron 100 1,000 NS <39 402
Lead 3 4 4 33 35
Magnesium 5,000 NS NS 5,050 11,500
Manganese 15 NS NS 7.3 625
Mercury 0.012 NS <0.2
Nickel 40 114 41 17.8+ 302+
Potassium 5,000 NS NS 817 3,880
Selenium 5 35 20 <1 <1
Silver 6 0.1
Sodium 5,000 NS NS 2,620 26,000
Thallium 10 NS NS <4 <4
Vanadium 50 NS NS <8 <8
Zinc 20 389 60 12.4 16.2
Cyanide 5.2 4
Chromium (+6) 11 3 <10 <10
Ammonia 50 NS NS 160 -
Nitrate/Nitrite 50 NS NS 180 <50

[ ] = Reporting limit greater than USEPA Criteria and MDNR Rule 57(2).
(] = Concentration exceeds USEPA Criteria and MDNR Rule 57(2).

Reporting Limits - approved October 26, 1989 QAPP (Table 8-2).

USEPA Criteria - Water Quality Criteria for Water (EPA 440/5-86-001).
MDNR Rule 57(2) - Guideline levels, January 30, 1990.

Maximum concentrations - June 21, 1990 RI report.

Hardness-dependent values based on average hardness of 126 mg/L for Target Pond.

NS = No standard.

* = Duplicate values not within quality control limits, values are estimated.

832HIMILL/unname. wkl
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S, UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
§ oo b REGION 5
] ? 230 SOUTH DEARBORN STREET

S mﬂg«"r CHICAGO, IL 60604

REPLY TO THE ATTENTION OF:

5HS~11
September 5, 1991

Mr. Kevin K. Wolka, P.E., Ph.D.
Geraghty & Miller, Inc.

50 W. Big Beaver Road

Troy, Michigan 48084

Dear Mr. Wolka:

The following are comments on the Ecological Inventory/Assessment
Workplan. They are issues that need to be clarified before field
work is begun. In an effort to avoid delay and make addressing
these issues as brief and quick as possible, the U.S. EPA is only
requesting that the comments be addressed in a letter. The letter
will then be included as an addendum to the workplan before it is
approved.

Section 1.0

Page 9, Paraqraph 2:

The workplan states that the terrestrial survey will include areas
adjacent to the site. What exactly are the boundaries of the
terrestrial survey?

It is stated that "Field observations and estimates will be
conducted in as consistent a manner as possible throughout the
various biotic communities across the site". With the exception of
stating that .size and frequency of trees will be recorded, little
information on what observations will be made in the field with
respect to the fauna present is provided. What type of animal sign
will be recorded? Will the walkover be conducted in a systematic
way, 1i.e. will transects be walked? Observation stations
established? What will be the credentials of the personnel
performing the walkover? There are not many individuals with the
“ability to do adequate field identifications of diverse biotic
groups. That is, not many individual botanists or zoologists are
capable of doing field identifications of plants, terrestrial
macroinvertebrates (to the family or genus level), vertebrates and
vertebrate sign. There is also a lack of clarity as to what level
organisms will be identified. You discuss that plant communities
will be classified as trees, shrubs, and herbs, yet the species

’g:é Printed on Recycled Paper
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composition of the communities could be important. Woody plants
should be identified to species, while forbs and grasses should be
identified to genus. In general, the terrestrial survey procedures
and specific endpoints should be outlined in more detail.

Page 9, Paragraph 3:

The terrestrial survey is intended to identify what communities
exist at the site, or are expected to exist. How will you
determine what communities are "expected"? Will habitat models be
used? If so, which ones? The statement on page 11 of Section 1.0,
that this determination will be made based on a literature review
does 1little to answer this question. For example, will the
literature review be an attempt to survey historical records and
publications to see what communities were actually present in pre-
settlement times? Will it be a review of surveyor notes to
determine surveyor descriptions and relative frequency and type of
witness trees (if trees were present)? Will it be a survey of soil
types to determine what flora may grow, or may have grown, in these
types? Will it be a survey of plant communities with respect to
the fauna associated with them? Will it be the frequently employed
technique of reviewing state faunal lists and field guides to
identify every animal species whose range includes the site? 1If
the method employed is the latter one, what criteria will be used
to cull species from the lists that are not likely to be present?

Page 10, Paragraph 3:

The paragraph results in three questions: l1)What data? Little
hard data are proposed for collection with respect to the
terrestrial inventory; 2) What kind of estimate of diversity is
going to be made? and 3) What criteria defines a "major
terrestrial community"? Does gquestion (3) imply that "minor
terrestrial communities" will not be defined? Might not some of
these be locally rare?

Page 11, Paragraph 1:

How will the relative age of the trees be estimated, by their
diameter at breast height (DBH)? The Hi-Mill facility began
operating in 1946, almost 50 years ago. If the facility had a
negative impact on the growth rates of the trees of the surrounding
area, the DBH could be a poor indicator of tree age, giving the
impression of a much younger population of trees. Such a finding
could lead to the misleading conclusion that tree population
recruitment is good. The possibility that tree growth could be
affected is underscored by the acknowledgement on Page 15 of
Section 1.0, that a number of trees at the site have died of
unknown causes.



Page 13, Paragraph 2:
The explanation that the Daphnia population found be the MDNR was

blown in from a different part of Target Pond is a plausible one.
You should state why they think it is unlikely.

If you have any questions, please feel free to contact me at (312)
886-5993.

Sincerely,

I ——

a L. Johnson
medial Project Manager

cc: Steve Ellingson, Geraghty & Miller



A
~

AWV GERAGHTY

W& MILLER.INC.

Environmental Services

Ground Water Engineering Hvdrocarbon Remedatarion

September 11, 1991

Karla L. Johnson

U.S. Environmental Protection Agency
230 Dearborn Street

Chicago, Illinois 60604

RE: Response to comments on the Revised Hi-Mill Ecological Inventory/Assessment Work
Plan, Highland, Michigan

Dear Ms. Johnson:

We have prepared a series of responses to your September 3, 1991 comments on the June 7, 1991
revised workplan. Most of the comments by the U.S. Environmental Protection Agencv
(USEPA) were related to the proposed terrestrial survev. The survey is intended to provide a
general characterization of the predominate terrestrial communities at the site. A detailed
inventory of the flora and fauna will not be compieted. The purpose of the survey is to
determine if constituents from the Hi-Mill Manufacturing Site have adversely impacted or pose
a risk to the environment. An assessment of sufficient complexity will be completed to address
the issues of environmental impacts or risks. If the initial results of the survey indicate that
environmental impacts or nisks are significant a more focused terrestrial survey will be
completed.

The following paragraphs contain our responses to your comments. It is our understanding these
responses will constitute an addendum to the June 7, 1991 work plan. The USEPA has not
requested that another revision to the work plan be submuitted.

Section 1.0
Page 9. Paragraph 2:

The area of the terrestrial survey will be bounded on the south by Waterbury Lake and the North
Arm of Waterbury Lake, on the east by Highway M-59, and on the west by Target Pond. The
approximate limits of the terrestrial survey are indicated on Figure 1.

The presence of animals at the site will be evaluated by recording different signs. This will
include but is not limited to birdnests, tracks, birdsongs, runways, and droppings. The tield statf
conducting the terresmal survey will walk a number of transects to characterize the major
terrestrial communities. The number and location of the wansects will be determined by the tield
statf in cooperation with the USEPA. The field work associated with the ecological
inventorv/assessment will be conducted during a few days and observation stations will not be
established. The credentials of the field staff conducting the survey will include graduate training
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in terrestrial ecology. If appropriate university faculty members (University of Wisconsin and
University of Michigan) will be consulted to make certain correct field identifications are
completed. The university faculty members will have extensive experience in the identfication
of fauna and flora in eastern Michigan. The fauna and flora will be identified to the lowest
practical taxonomic level. Woody plants will be identified to species and the forbs and grasses
will be identified to genus.

Page 9, Paragraph 3:

The survey will identify which major communities exist or are expected to exist at the site.
Habitat models will not be used. Also a detailed inventory of pre-settlement communities or
survevor notes will not be consulted. The U.S. Soil Conservation Service County Soil map will
be reviewed and incorporated into the survey. A general list of plants and animals expected to
occur at the site will be developed from a review of readily available literature on the terrestrial
communities of eastern Michigan. Based on this review of previously published information, no
effort will be made to abbreviate the lists of species.

Page 10, Paragraph 3:

A qualitative terrestrial assessment will be completed and the results presented in a narrative
form. A quantitative survey (e.g., hard data) will not be completed during this phase of the
assessment. A descriptive assessment of floral diversity will be provided. Major terrestrial
communities will consist of areas containing relatively homogenous flora and associated fauna.
A specific criteria for the definition of major terrestrial communities is not provided, however,
we anticipate that fewer than ten major communities will be encountered at the site. During the
site visit the presence of minor terrestrial communities, some of which might be rare. will be
described if they are present.

Page 11, Paragraph 1:

The relative age of the trees can be estimated by measuring their diameter at breast height
(DBH). The growth of tress near the site may have been attenuated resuiting in an
underestimation of relative age based on DBH. The age of six tress at the site will also be
estimated by taking small-diameter cores from their trunks and counting the number of growth
rings. The age of the trees, based on the number of growth rings, will be related to the DBH.
To establish this relationship cores will be collected from three impacted trees near the site and
taking cores from three trees in an unimpacted area. The holes in the trunks will be filled with
sealant. The trees selected for this work will be of the sample species and growing in similar
environments.



Page 13, Paragraph 2:

Daphnia could become concentrated along the margin of Target Pond. Zooplankton tend to
accumulate on the leeward side of lakes whenever a fairly strong wind persists for an appreciable
period of time. Wind direction, velocity, and duration immediately before the MDNR sampling
were not reported. Also, it is not known if the fetch and orientaton of Target Pond is sufficient
to allow significant hydrographic water movements. The wind-induced movement of
zooplankton, if it occurs in Target Pond, is a relatively slow process. It is not likely that
zooplankton could be slowly transported to an area of Target Pond containing toxic levels of a
constituent and remain viable. The proposed ecological inventory/assessment will provide
information on the occurrence, composition and relative health of the zooplankton community
at several locations in Target Pond. Once this information is available an assessment of aquatic
impacts will be completed.

We believe that our responses to your comments are complete, and will clanfy our proposed
inventory/assessment. We would appreciate a timely review and approval of the work plan. As
discussed, field work to complete this portion of the project is scheduled to begin during the
week of September 16. If vou have any questions, regarding the responses, please do not hesitate
to contact us.

Respectfully Submitted
Gc:ﬁghty & Millery Inc

\

A
Stephen B. Ellingson
Principal Scientist/Office Manager

,“ |

<« .

e ‘ 3 ; n

Kevin K. Wolka, P.E.. Ph.D.
Principal Scientist/Project Coordinator

Xc: Deborah D. Larson, MDNR
Robert F. Beard, Hi-Mill
Richard W. Beard, Hi-Mill
Robert C. Davis. Butzel Long et al.
Laurie Hellmer, Geraghty & Miller, Chicago
Todd Udvig, Geraghty & Miller. Madison
Frank Jones, Geraghty & Miller, Raleigh
Murat Akyurek, Donohue & Associates
Hi-Mill Subcontractors
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2.0 REMEDIAL INVESTIGATION SAMPLING PLAN

This revised sampling plan was prepared as an addendum to collect sediment and surface
water samples for subsequent laboratory analysis as part of the ecological inventory/assessment
of Target Pond and Waterbury Lake. Information contained in this sampling plan addendum
amends the October 26, 1989 sampling sample prepared by Techna Corporation (Plymouth, MI).
The scope of this sampling was discussed by representatives of the U.S. Environmental
Protection Agency (USEPA) and Geraghty & Miller during a work plan meeting on
February 21, 1991.

2.1 Introduction

This revised sampling plan was prepared to provided a detailed description of field
activities proposed for the Hi-Mill Manufacturing Company site. The purpose and methodology

of the surface water and sediment sampling is outlined.

During February and March 1990 a series of surface water and sediment samples were
collected from Target Pond, Waterbury Lake, and a background pond. The location of these
previous sampling sites in Target Pond is depicted in Figure 2-7. Background surface water and
sediment samples were collected from a wetland with the same National Wetlands Inventory
classification as Target Pond. This background pond is located approximately 1,000 to 1,500
feet southwest of the Hi-Mill Manufacturing Company site as shown in revised Figure 2-1. This
sampling will focus on the area of Target Pond adjacent to the Hi-Mill Manufacturing Company
site. Sediment and surface water samples will be collected from four locations in Target Pond
and two locations in Waterbury Lake (revised Figure 2-5). Three of the four sediment and
surface water samples will be collected from the northwestern portion of Target Pond. Two of

these locations were also sampled during February and March 1990. The third sampling
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location in the northwestern portion of Target Pond will be situated approximately midway
between February and March 1990 Sampling Locations 6 and 7. The final surface water and

sediment sampling location in Target Pond will be situated in the east-central portion of the

pond.

Two surface and sediment sampling locations will be collected from the southern portion

of Waterbury Lake. The samples will serve as background samples.

Specific sampling locations will be selected where the water depth, adjacent vegetation,
surface water runoff areas, sediment depositional patterns, sediment texture, and sediment color
are similar. The initial samples will be collected in the northwestern portion of Target Pond.
The subsequent sampling locations will be as similar as practical to these initial samples. The
selection process may necessitate moving the sampling sites to slightly different locations than
those proposed in revised Figure 2-5. The specific sampling locations will be approved by the

USEPA or their field representative prior to initiating sampling collection activities.

To minimize the disturbance of the sediment and surface water the samples will be
collected from a small, shallow draft boat. The location of the specific sampling sites will be
described in the field notebook and photographically documented. The water depth will be
recorded and the adjacent vegetation will be described.

Direct visual bearings to prominent landmarks near the site will be recorded with a hand-
held compass (or equivalent). The estimated position of the sampling sites will be where at least
two lines of position intersect. A small float attached to an anchor will be left at each sampling

location.

GERAGHTY & MILLER. INC.
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2.8 Surface Water and Sediment Sampling

A discussion of the purpose of sample collection activities and methodologies is presented

in the following sections.

2.8.1 Purpose

The purpose of collecting the sediment and surface water samples is described in the

following two sections.

2.8.1.1 Sediment Samples

Previous investigations conducted by the Michigan Department of Natural Resources
(MDNR) and the June 21, 1990 Remedial Investigation (RI) report indicated that the
concentration of selected metals in sediment samples collected from Target Pond exceeded
background levels. The sediment samples from Target Pond were compared to four samples
collected from a background pond located approximately 1,000 to 1,500 feet southwest of Target
Pond. A series of sediment samples will be collected from Target Pond and Waterbury Lake.
The purpose of this task will be to:

o confirm whether the concentrations of selected metals in sediment samples from
Target Pond exceed background levels represented by samples collected from
Waterbury Lake. The parametric coverage for all of the samples will be

expanded over that employed during the February 1990 sediment sampling.

. determine the temperature, pH, moisture content (total solids), total organic

carbon concentration, and grain size distribution of the sediment samples collected
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from Target Pond and Waterbury Lake. These parameters can influence the

mobility or bio-availability of metals in sediment.

o qualitatively describe the benthic macroinvertebrate communities in Target Pond
and Waterbury Lake. An evaluation will be completed to determine if differences
in the benthic macroinvertebrate communities exists between samples collected

from Target Pond and Waterbury Lake.

| conduct a sediment toxicity evaluation (bioassay) of the samples collected from

Target Pond and Waterbury Lake using Hyalella azteca.

. determine if a relationship exists between the concentration of metals in the

sediment samples and results of the bioassays.

The methodology associated with collecting these samples is presented in revised Section
2.8.2 (Methodology). Additional information on laboratory standard operating procedures
(SOPs) and quality assurance procedures is provided in the addendum to the Quality Assurance
Project Plan (QAPP) (revised Section 8.0).

2.8.1.2 Surface Water Samples

Previous investigations by the MDNR and the June 21, 1990 RI report indicated that
concentration of selected metals in surface water samples collected from Target Pond exceeded
USEPA criteria and MDNR Rule 57(2) guideline levels (see Table 1-2 of the attached Work
Plan). A series of surface water samples will be collected from Target Pond and Waterbury
Lake The purpose of this task will be to:
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o qualitatively describe the phytoplankton and zooplankton communities in Target

Pond and Waterbury Lake. A evaluation will be completed to determine if
differences in the phytoplankton or zooplankton communities exist between

samples collected from Target Pond and Waterbury Lake.

The methodology associated with collecting these samples is presented in revised Section
2.8.2 (Methodology). Additional information on laboratory standard operating procedures
(SOPs) and quality assurance procedures is provided in the addendum to the Quality Assurance
Project Plan (QAPP) (revised Section 8.0).

2.8.2 Methodology

The field methods used to collect the sediment and surface water samples is described
in the following sections. Surficial sediment samples will be collected using a grab sampler and
submitted to different laboratories for chemical analysis, sediment toxicity evaluations,
characterization of grain size distributions, and a qualitative assessment of the benthic
macroinvertebrate community. Surface water samples will be submitted to the University of

Michigan for a qualitative evaluation of the phytoplankton and zooplankton communities.

2.8.2.1 Sediment Sampling

A brief reconnaissance of the area conducted in October 1990 indicated that the littoral
zone of Target Pond and Waterbury Lake consist of emergent macrophytes (e.g., 7ypha). At
several locations floating-leaved macrophytes (e.g., Nuphar or Nymphaea) were also present.
The sampling locations will be situated between the upper and middle infralittoral zone and as

close to the margin of emergent macrophytes as practical.
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An Ekman grab sampler will be used to collect the surficial sediment samples. This
sampler is best suited for use in soft, finely divided sediments. The Ekman grab sampler will
not function well on sand substrates or at all where hard objects (e. g., sticks, leaves, stones,
mollusc shells, etc.) are common. If sand substrates or hard objects are encountered the Ekman
grab sampler may be modified by attaching a pole so that the sampler can be pushed into hard
sediments in shallow water. Alternatively, if sand substrates or hard objects are encountered
a Ponar grab sampler will be used. The Ponar grab sampler is well suited for sampling resistant

sediments.

The Ekman or Ponar grab samplers will be cleaned between each sampling site. The
sampler will be scrubbed with a dilute solution of MICRO (International Products Corp.,
Trenton, NJ) liquid laboratory cleaner followed by rinses with tap water, 10% nitric acid and
finally distilled water. The waste solution used to rinse the grab sampler will be collected in a
container and disposed with the waste solutions associated with the hydrogeologic investigation.
The grab sampler will be wrapped in plastic until it is ready to be used. Immediately prior to
use the grab sampler will rinsed in the water column above the sediment sampling location.

Prior to the actual sample collection efforts will be made to prevent disturbing the sediments.

A randomly selected sampling location from Target Pond will be used to collect a field
duplicate. Twice the normal volume of sediment will be collected and homogenized into a
composite sample. Portions of the well-mixed composite sample will be transferred to the
appropriate sample containers. This sample will be labelled as HMW-FBSD and submitted to
the laboratory for chemical analysis. The location of the field duplicate will be recorded in the
field notebook. A randomly selected sampling location from Target Pond will be used to collect
a field blank. Following routine decontamination of the sediment grab sampler distilled water
will be poured over the sampler. The water will be collected in a one-liter polyethylene bottle,

preserved with nitric acid and submitted to the laboratory for chemical analysis of constituents
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on the USEPA Target Analyte List (TAL). Water will also be collected in a one-liter
polyethylene bottle, preserved with sulfuric acid and submitted to the laboratory for analysis of

total organic carbon.

At each sampling location a surficial sediment sample (< 1 ft deep) will be collected.
The texture and color of sediment at each sampling location will be described in the field
notebook and photographically documented. The temperature of the sediment sample will also
be recorded. The first two grab samples from each location will be placed inside of separate
wide mouth sampling containers. Approximately 68 oz. (approximately 2 L) of sediment will
be collected. These samples will be used by individuals at the University of Michigan to identify
and enumerate the benthic macroinvertebrates. The benthic organisms will not be removed from
the sediment during the field collection activities. The sediment containing the benthic
macroinvertebrates will be placed on ice and returned to the University of Michigan the same
day as collected. The contents of these samples will be washed through a no. 30 mesh sieve
upon return to the laboratory. Subsequent grab samples will be placed inside of a polyethylene
bucket. Approximately 192 oz. (approximately 5.7 L) of sediment will be collected. The
subsamples will be gently homogenized with a plastic spoon until the texture and color appear
uniform. Portions of the well-mixed composite sample will be transferred to the sample
containers for the sediment toxicity evaluation (bioassay), chemical analysis, and geotechnical
analysis. The specific sampling containers and preservation techniques are listed in revised
Table 8-4 of the QAPP addendum (revised Section 8.0).

Samples for chemical analysis will be placed on ice in a cooler and delivered overnight
by courier (Federal Express, Priority 1) at the end of each day to Enseco - Rocky Mountain
Analytical Laboratory (Arvada, CO). The sample for the sediment toxicity evaluation will be
placed on ice in a cooler and delivered at the end of each day by overnight courier (Federal

Express Priority 1) to ABC Laboratories (Columbia, MO). The geotechnical samples will be
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held until the conclusion of this phase of the field work and then submitted to MATECO Drilling
Company (Grand Rapids, MI). The parametric coverage and laboratory standard operating
procedures (SOPs) for the samples are listed in the addendum to the QAPP

(revised Section 8.0). Chain of custody procedures will be followed for the collected and

shipment of the samples.

2.8.2.2 Surface Water Samples

The sampling locations for the surface water samples will be the same as those used for
the collection of sediment samples (revised Figure 2-5). The surface water samples will be
collected before the sediment samples. In addition to collecting samples, vertical profiles of

water temperature, specific conductivity, and dissolved oxygen will be completed.

To qualitatively analyze the phytoplankton community surface water samples will be
collected with a 4-L Van Dom water bottle. A composite over depth will be made and poured
into a 1-L brown poly-bottle. The surface water samples for phytoplankton analysis will be
placed on ice in a cooler and delivered by courier at the end of each day to the University of
Michigan (Ann Arbor, MI). If the water is shallow at the sampling locations, the Van Dorn
water bottle will not be used. Samples will be collected by immersing the 1-L brown poly-
bottles approximately 6-inches below the water surface and allowed to fill with surface water.
Once the poly-bottles are full they will be transferred to the cooler and subsequently delivered
to the University of Michigan.

To qualitatively analyze the zooplankton community surface water samples will be
collected by making several vertical hauls with a plankton net. The number of vertical hauls and
length of the hauls necessary to collect a sufficient quantity of zooplankton will be recorded.

The volume of sample collected will be large enough to provide a representative accounting of
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the taxa and numbers of individuals present at each sampling location. The plankton net will
be constructed of no. 10 mesh and have a 0.5 m diameter opening. The net will be allowed to
settle to the bottom before beginning the vertical haul. The contents of the net will be washed
from the outside into a pint jar. Koechees solution (8% formalin in a saturated sugar solution)
will be added in approximately equal volume to the retained volume of zooplankton in the jar.
If the water is shallow at the sampling locations, the plankton net will not be initially used.
Samples will be collected by immersing a wide-mouth 1-L poly-bottle approximately 6-inches
below the water surface and allowing the bottle to fill. The water will then be poured through
the plankton net and the retained zooplankton collected in a pint jar. The surface water samples
for zooplankton analysis will be placed in a cooler and delivered by courier at the end of each

day to the University of Michigan (Ann Arbor, MI).

The measurement of dissolved oxygen is one of the most frequently used and most
important of all field measurements available for the investigation of the aquatic environment.
Dissolved oxygen provides valuable information on the biological and chemical reactions in a
waterbody. Specifically low dissolved oxygen levels could allow the mobilization of inorganic
constituents from the sediment or threaten the fauna of Target Pond or Waterbury Lake with
anoxia. To assist in determining if Target Pond or Waterbury Lake are thermally or chemically

stratified water temperature and specific conductivity will be measured.

At each surface water and sediment sampling location a vertical profile of water
temperature, specific conductivity, and dissolved oxygen will be recorded. In addition to these
locations, a profile will be completed near the center of Target Pond and Waterbury Lake. A
Yellow Springs Instrument Co. (YSI) Model 33 S-C-T Meter will be used to record specific
conductivity and water temperature. The measured specific conductivity will be corrected to
25°C using values provided in Table 7-1 of Limnological Analyses (W.B. Saunders Co.,
Philadelphia). A YSI Model 57 Meter will be used to record the dissolved oxygen

concentration. The percentage dissolved oxygen saturation for the recording taken immediately
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below the water surface will be calculated using the water temperature and approximate altitude
of the water surface. Correction factors for water temperature and altitude are provided in
Tables I and II of the YSI Model 57 instruction manual. These field measurements will be
recorded immediately below the water surface and at 0.5 m intervals until the bottom is reached.
If the water column is shallow three measurements will be recorded; immediately below the

water surface, at mid-depth, and immediately above the bottom.
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8.0 QUALITY ASSURANCE PROJECT PLAN

This revised Quality Assurance Project Plan (QAPP) was prepared as an addendum to
collect sediment and surface water samples for subsequent laboratory analysis as part of the
ecological inventory/assessment of Target Pond and Waterburg Lake. Information contained in
this QAPP addendum amends the October 26, 1989 plan prepared by Techna Corporation
(Plymouth, MI). The scope of this QAPP addendum was discussed by representatives of the
U.S. Environmental Protection Agency (USEPA) and Geraghty & Miller during a pre-QAPP
meeting on February 21, 1991. Appendix E contains the revised standard operating procedures
provided by the USEPA on September 11, 1991.

8.1 Project Description

The project description as provided in the Quality assurance Project Plan (QAPP) dated
October 26, 1989 is applicable except for the additional information which is to be inserted in
sections 8.1.6 (Remedial Investigation Tasks), 8.1.8 (Intended Data Usage), and 8.1.9 (Project
Schedule).

8.1.6 Remedial Investigation Tasks
The Remedial Investigation tasks related to the ecological inventory/assessment are
presented in the attached work plan (Section 1.0). The principal activities of the ecological

inventory/assessment include the following:

(D A sediment toxicity evaluation (bioassay) using the test organisms Hyalella

aueca,
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) An ecological inventory of terrestrial and aquatic resources, and;

3) A literature search.

The sediment toxicity evaluation will consist of collecting three sediment samples from
Target Pond adjacent to the Hi-Mill Manufacturing Company and a fourth sediment sample from
the east-central portion of Target Pond (see Figure 2-5 of the attached Sampling Plan). Previous
results indicate that the highest concentrations of inorganic constituents are found in surficial
sediment samples adjacent to the company. The fourth surficial sediment sample (TP14) from
Target Pond will be collected from an area with relatively low concentrations of inorganic
constituents. Two sediment samples will be collected from the southern portion of Waterburg
Lake (see Figure 2-1 of the attached Sampling Plan). These two sediment samples from
Waterburg Lake will represent an unimpacted control area. The six sediment samples will be
submitted to the laboratory for analysis. The toxicity of the sediments will be evaluated using
a 10-day static bioassay procedure. The survival and growth of the amphipod Hyalella azteca
will be recorded. The concentration of the twenty-three inorganic constituents on the USEPA
Target Analyte List (TAL) will be assessed in the sediment samples. The total organic carbon,
pH, moisture content (percentage solids), and grain-size distribution will also be measured.
These parameters may control the mobility and bio-availability of the inorganic constituents in
the sediment samples. An examination of the relationship between sediment toxicity (if it exists)
and concentrations of inorganic constituents in the sediment samples will be completed. If a
predictable relationship exists, future delineation of toxicity sediments (if they exist) could be

completed using chemical characterization of the sediments.
The ecological inventory of terrestrial resources will consist of a survey of the terrestrial

biotic communities without sample collection. The objective is to obtain qualitative information

on the biotic communities at the site, evaluate potential pathways by which biological receptors

GERAGHTY & MILLER. INC.



Hi-Mill Mfg. Co. Section 8
QAPP Addendum Revision 1
June 7, 1991

3

could be exposed to contaminants, and determine whether any of the botic communities have
been adversely impacted. Similar objectives apply to the aquatic inventory. To determine
whether adverse ecological impacts have occurred in Target Pond samples of phytoplankton,
zooplankton, and benthic macroinvertebrates will be collected. These samples will be collected
from the sample locations used to collect the sediment samples. Upon receipt by the laboratory
the different taxa in these communities will be identified and enumerated. At each sampling
location and near the center of Target Pond and Waterbury Lake vertical profiles of water

temperature, specific conductivity, and dissolved oxygen will be recorded.

The literature search will consist of accessing one or more databases to obtain
information on the potential impacts of elevated levels of inorganic constituents on trees.
Several trees near the Hi-Mill Manufacturing Company have died. Information obtained during
the literature will be used to help evaluate whether the observed levels of inorganic constituents

in soil and sediment samples from the site may have killed the trees.

8.1.8 Intended Data Usage

Data from the sediment toxicity evaluation will be used to help determine if the sediment
in Target Pond is toxic to benthic macroinvertebrates. The qualitative inventory of benthic
macroinvertebrates will also be used to help determine if changes have occurred in the
composition or numbers of benthic organisms at the sampling locations in Target Pond. A
determination of toxic impacts to the overlying water column will be assessed by qualitatively
evaluating the composition and number of phytoplankton and zooplankton. The chemical
analysis of the sediment "samples will be used to provide(d) additional gualitative information

on the levels and extent of organic contamination in target pond only."' Field measurements

! Changes provided by the USEPA, Quality Assurance Section;
September 11, 1991.
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of dissolved oxygen will provide information on the potential mobilization of inorganic
constituents from the sediment and the threat of anoxia to the aquatic fauna. Specific
conductivity and water temperature will assist in determining if the water-bodies are chemically

or thermally stratified.

The results from Target Pond will be compared to background (control) samples collected
from nearby Waterbury Lake. This will include the sediment toxicity evaluation, qualitative
benthic macroinvertebrate, phytoplankton, and zooplankton inventory, chemical and geotechnical
analysis of the sediments and field measurements of water temperature, specific conductivity and

dissolved oxygen.

Information generated during the ecological inventory/assessment will be included in the
RI report which is scheduled to be completed in September or October 1991. This information
will help to define the nature and extent of contamination at the site. Actual and potential
adverse ecological impacts associated with contaminants at the site will also be included in the
RI report. Components of the ecological inventory/assessment will be used to address important
exposure pathways and environmental receptors at the site. This material will be incorporated
in the Baseline Risk Assessment. Aspects of the ecological inventory/assessment will be

included during the screening of potential remedies for the site.

8.1.9 Project Schedule

A bar chart consisting of the tasks for the ecological inventory/assessment and the time
lines is presented as revised Figure 8-4. The completion of this project schedule assumes that
the revised project plans for the ecological inventory/assessment are approved by the U.S.
Environmental Protection Agency (USEPA) and the Michigan Department of Natural Resources
(MDNR) on or before June 28, 1991.
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8.2 Project Organization

The project organization of the October 26, 1989 QAPP is applicable except for several
changes. Techna Corporation (Plymouth, MI) developed and submitted the initial set of project
plans. These plans were subsequently approved by the USEPA and MDNR. Techna
Corporation conducted the field work described in the plans and submitted to the USEPA and
MDNR a draft copy of the Remedial Investigation (RI) report on June 21, 1990. Geraghty &
Miller was then retained by Hi-Mill Manufacturing Company and will be completing the
additional hydrogeologic and ecologic inventory/assessment. The project organization was

modified and is shown schematically in revised Figure 8-5.

The following revised responsibilities for key personnel associated with the ecological

inventory/assessment are described below:

Project Officer ?

Ed Rothschild (Geraghty & Miller) will serve as the project officer for the Hi-Mill
RI/Feasibility Study (FS). Mr. Rothschild will have final responsibility for the technical
quality of the project. The project officer has the corporate authority to retain subcontractors

necessary to complete the field work and/or preparation of the RI report and FS.

Project Coordinator

Kevin Wolka, P.E., Ph.D. (Geraghty & Miller) will serve as the project coordinator for
the Hi-Mill RI/FS. Dr. Wolka will have overall technical, quality, and resource management

? Project Officer was changed from Keith Flemingloss to Ed
Rothschild
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responsibility for the project. He will ensure that the project is performed in accordance with
the project plans and schedule. The project coordinator will also document and approve any

deviations from the approved project plans.

QA/QC Officer

Tim Davis (Geraghty & Miller) will serve as the quality assurance/quality control
(QA/QC) officer for the Hi-Mill RI/FS. Mr. Davis will be responsible for any changes in
sampling protocols, corrective actions, and deviations in quality control. He will also be
responsible for ensuring that appropriate QA/QC audits and system reviews are performed
during the sampling and chemical analysis phase of the RI and that ail sampling and analysis
QA/QC data is reviewed with respect to the QA/QC objectives. Mr. Davis will be responsible
for the final data review, the review of tentatively identified compounds (TICs), and the review
of the special analytical services (i.e., bioassay and aquatic inventory). He will be assisted by
Mr. Dale Scherger (ENCOTEC, Ann Arbor, MI), Dr. Peter Meier (University of Michigan,
Ann Arbor, MI), Mr. Steve Elliot (MATECO Drilling Company, Grand Rapids, MI), and Ms.
Dorothy England (ABC Laboratories, Columbia, MO).

Ecological Inventory/Assessment

Steve Ellingson (Geraghty & Miller) will be responsible for the field work, data
interpretation and report preparation for the aquatic inventory/assessment and Todd Udvig
(Geraghty & Miller) will perform a similar function for the terrestrial inventory/assessment.
Messrs. Ellingson and Udvig will be assisted by other Geraghty & Miller staff during field

sampling and measurements.
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Dr. Peter Meier (University of Michigan, Ann Arbor, MI) will be responsible for
completing the aquatic inventory. This will include identification and enumeration of

phytoplankton, zooplankton, and benthic macroinvertebrates.

Ms. Dorothy England (ABC Laboratories, Columbia, MO) will be responsible for
conducting the sediment toxicity evaluation. This will include a 10-day static bioassay procedure
for determining the toxicity of sediment using Hyalella azteca. Ms. England will be assisted by
the Quality Assurance Unit of ABC Laboratories.

Risk Assessment

In accordance with recent policy changes by the USEPA the risk assessment will be
completed by the USEPA. Geraghty & Miller will provide risk assessment information to the
USEPA and will support the USEPA as appropriate to complete this task. Dr. Frank Jones
(Geraghty & Miller) will serve to support the risk assessment for the Hi-Mill RI/FS. He will
be responsible for coordinating the collection and initial evaluation of data for the risk

assessment. This information will be submitted to the USEPA.
Feasibility Study
The FS responsibilities will be assumed by Greg Vanderlaan. He will be responsible for

coordinating the data collection and evaluation activities of the FS team and for reviewing the

results and conclusions of the FS.
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Subcontractors *

Steven J. Wright, Ph.D. (University of Michigan, Ann Arbor, MI) will no longer be
retained as the consulting hydrogeologist. McDowell and Associates, Inc. (Ferndale, MI) will
no longer be retained for soil boring and monitoring well installation or geotechnical analyses.

Encotec (Ann Arbor, MI) will no longer be retained for the chemical analyses.
The following three subcontractors will be added to the project team:
Aquatic Inventory

Peter G. Meier, Ph.D.

Professor of Environmental Health

School of Public Health

Department of Environmental and Industrial Health
The University of Michigan

Ann Arbor, Michigan 48109-2029

(313) 936-0737 FAX (313) 764-9424

Sediment Toxicity Evaluation (Bioassay)

Dorothy England

ABC Laboratories

7200 East ABC Lane

Columbia, Missouri 65205

(314) 474-8579 FAX (314) 443-9033

’ Chemical analyses will not be completed by Encotec, but
rather Enseco - Rocky Mountain Analytical Laboratory.
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Drilling and Geotechnical Analyses

Steve Elliot

MATECO Drilling Company

693 Plymouth Avenue NE

Grand Rapids, Michigan 49505
(616) 459-1090 Fax (616) 456-5784

Chemical Analyses

Brian Patlen

Enseco - Rocky Mountain Analytical Laboratory
4955 Yarrow Street

Arvada, Colorado 80002

(303) 421-6611 Fax (303) 431-7171

8.3 Quality Assurance Objectives for Measurement Data

The quality assurance objectives as stated in the October 26, 1989 QAPP are applicable
except for the following modifications and clarifications to the introduction of section 8.3, 8.3.3
(Data Representativeness), Table 8-1 (Organic and Inorganic Method Audits), Table 8-1A
(Levels of Data Quality Objectives), and Table 8-2 (Inorganic Target Analyte List).

This modification to the introductory sentence in section 8.3 shall be made:
The quality assurance objectives described below are designed to ensure that the chemical

and ecological data generated during the Hi-Mill RI meet the goals of the RI, are suitable for

use in the FS and are usable for any future enforcement action.
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8.3.3 Data Representativeness

Sampling locations have been chosen so that the results of chemical and ecological

analyses of the collected samples will provide sufficient data to determine the following:

o the extent of adverse ecological impacts to aquatic and terrestrial communities

adjacent to the Hi-Mill Manufacturing Company

o the extent of sediment toxic to benthic macroinvertebrates

To complete the ecological inventory/assessment several additional laboratory parameters
will be measured. These will include total organic carbon, pH, moisture content (total solids),
and grain size distribution. An inventory of benthic macroinvertebrates, phytoplankton, and
zooplankton will also be completed. This information on sample matrix, field measurements,
laboratory parameters, and levels of data quality objectives (DQOs) was initially provided in
Table 8-1A and Table 8-3 of the October 26, 1989 QAPP. The aforementioned information to
support the ecological inventory/assessment will consolidated into a revised Table 8-1A. The
DQOs for field and laboratory measurements of each sample matrix will be combined with the
proposed number of investigative samples, field duplicates, field blanks, matrix spike samples,

and spike duplicate samples.

Method audits will be conducted during the completion of the sediment toxicity
evaluation. A revised Table 8-1 provides information on the audits and control limits. A
negative control will consist of ten Hyalella azteca added to beakers containing contaminant-free
control sediment provided by ABC Laboratories. The negative control will be run in parallel
with the investigative samples. The final test results will be deemed in control if at least 90%
of the Hyalella azreca survive in the negative controls. A positive control will consist of adding
a reference toxicant to the lot of Hyalella azteca used to run this sediment toxicity evaluation.

The reference toxicant will be supplied by the USEPA and will consist of sodium dodecyl
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sulfate. The test results will be deemed in control of all of the Hyalella azteca are killed within

48 hours after the reference toxicant is added.

Table 8-2 (Inorganic Target Analyte List) is revised to include 23 inorganic constituents
(aluminum through zinc). The sediment samples will not be analyzed for levels of cyanide,

hexavalent chromium, ammonia, or nitrate plus nitrite.

8.4 Sampling Procedures

The procedures and methodologies that will be used for the collection of samples during
the ecological inventory/assessment are described in detail in revised Section 2.0 (Remedial
Investigation Sampling Plan). Specific sampling techniques that will be used for each sample

matrix are referenced as follows:

. Surface waters and sediments - Revised Section 2.8

A summary of the samples that will be collected and the related chemical analysis
parameters is presented in revised Table 8-1A. Descriptions of the sample bottles that will be
used and the holding times that will be observed for each sample type are presented in revised
Table 8-4.

8.5 Chemical Analysis Procedures *

The chemical analysis procedures provided in the October 26, 1989 QAPP are applicable

except for the following revision and addition:

* Chemical analyses will not be completed by Encotec, but
rather Enseco - Rocky Mountain Analytical Laboratory.

GERAGHTY & MILLER.INC.



Hi-Mill Mfg. Co. Section 8
QAPP Addendum Revision 1
June 7, 1991

12

A summary of sample matrices, preservation techniques, holding times, and containers

for the ecological inventory/assessment is presented in revised Table 8-4.

A number of non-Contract Laboratory Program (CLP) analytical procedures will be used
during the completion of the ecological inventory/assessment. A copy of the standard operating
procedures (SOPs) for the non-CLP methods is provided in revised Appendix B. The following
non-CLP SOPs will be used:

1) Sediment toxicity evaluation (bioassay) (ABC Laboratory SOP No. 9007);

2) Identification and enumeration of phytoplankton, zooplankton, and benthic

macroinvertebrates (University of Michigan);

(3)  Total organic carbon, pH, and moisture content (percentage solids)(Enseco -

Rocky Mountain Analytical Laboratory), and;

(4)  Grain-size distribution by mechanical sieving and hydrometer [ASTM D 422-63
(reapproved 1972)].

8.6 Sample Custody

The sample custody procedures described in the October 26, 1989 QAPP are applicable

except for the following clarification and change in the location of the final evidence file:
A chain-of-custody (COC) form similar to that presented as Figure 8-6 will be used

during the ecological inventory/assessment. Geraghty & Miller COC forms (form no. G&M09
12/88) will be utilized.
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8.6.3 Final Evidence File

The final evidence file will be stored in a secure, limited access area in the Detroit office

of Geraghty & Miller.

8.7 Calibration Procedures and Frequencies

The calibration procedures and frequencies presented in the October 26, 1989 QAPP are
applicable as presented. Additional information on the calibration of the TOC analyzer is
presented in the attached SOP (revised Appendix B).

8.8 Data Reduction, Validation and Reporting °

The data reduction, validation, and reporting procedures presented in the October 26,
1989 QAPP are applicable except for the following addition:

Initial data reduction, validation, and reporting responsibilities for laboratory data lie with
Enseco - Rocky Mountain Analytical Laboratory (Arvada, CO), MATECO Drilling Company
(Grand Rapids, MI), ABC Laboratories (Columbia, MO), and the University of Michigan (Ann
Arbor, MI).

8.9 Internal Quality Control Procedures

The internal quality control procedures described in the October 26, 1989 QAPP are

applicable except for the following addition:

5 Chemical analyses will not be completed by Encotec, but
rather Enseco - Rocky Mountain Analytical Laboratory.
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Internal quality control requirements for the analysis of total organic carbon, pH,
moisture content, and the sediment toxicity evaluation are specified in the attached SOPs (revised
Appendix B).

10 Performan n m Audi

The performance and system audits described in the October 26, 1989 QAPP are

applicable except for the following revision:

The project coordinator (Kevin Wolka, Geraghty & Miller) or QA/QC officer (Tim
Davis, Geraghty & Miller) will be responsible for auditing the field team to ensure compliance
with the operating procedures, sample custody, and QA/QC requirements. Because the scope
and duration of the ecological inventory/assessment is relatively limited, compared to the
previous hydrogeologic investigation, a full scale audit will not be conducted. Spot check audits
of specific procedures may be performed.

8.11 Preventative Maintenance

The section on preventative maintenance in the October 26, 1989 QAPP is applicable as
presented. Additional information of the preventative maintenance of the TOC analyzer is
provided in the attached SOP (revised Appendix B).

8.12 Specific_Routine Procedures Used to Assess Data Precision, Accuracy, and
Completeness

The section on specific routine procedures used to assess data precision accuracy and
completeness in the October 26, 1989 QAPP is applicable as presented except that a Geraghty
& Miller QA officer will assess the data.

GERAGHTY ¢ MILLER. INC.



Hi-Mill Mfg. Co. Section 8
QAPP Addendum Revision 1
June 7, 1991

15

The corrective action described in the October 26, 1989 QAPP is applicable except for

the following modification:

Corrective actions for laboratory analyses will be implemented through consultations
between the Geraghty & Miller QA/QC officer (Tim Davis) and the respective laboratory
QA/QC officers. The Geraghty & Miller project coordinator (Kevin Wolka) will make
immediate decisions on new protocols to be implemented after consultation with the Geraghty
& Miller QA/QC officer. Specific corrective actions for the sediment toxicity evaluation are
provided in the attached SOP (revised Appendix B).

8.14 Quality Assurance Reports to Management

The discussion of quality assurance reports to management are presented in the October
26, 1989 QAPP is applicable as presented.

832HIMILL/qepp. aad
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Table 8—-1. Ecological Inventory/Assessment Method Audits (Revised March 1991).

Parameter Audit Control Limits
Sediment Toxicity Negative Control >90% survival in
(Bioassay) controls

Positive Control 100% mortality within

48 hours using
reference toxicant

Total Organic Matrix Duplicate Relative percentage
Carbon(a) difference <30%
pH Matrix Duplicate Relative percentage
difference <30%
Moisture Content Preparation Blank Percentage total
(Total Solids) solids 0%
Matrix Duplicate Relative percentage
difference <30%

(a) - Accuracy and precision will conform to the limits in the September 11, 1991
letter from the USEPA, Quality Assurance Section.
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Table 8—-1A. Summary of Sampling and Analysis Program, Hi-Mill Manufacturing Company, Highland, Michigan (Revised March 1991).

Investigative Sample  Field Duplicate  Field Blank MS/SD
DQO
Field (a) Laboratory Analytical Matrix

Sample Matrix Measurements Parameters  Level No. Freq. Total  No. Freq. Total No. Freq. Total No. Freq. Total  Total
Sediment Temperature CLP RAS v 6 1 6 1 1 1 1 1 1 0 O 0 8

Inorganics

Metals

Bioassay \% 6 1 6 0 O 0 0 O 0 0 0O 0 6

TOC, pH, A% 6 1 6 1 1 1 1 1 1 0 0 0 8

Moisture

Content

Grain-size 111 6 1 6 0 O 0 0 O 0 0 O 0 6

Distribution

Benthic \' 6 1 6 6 1 6 0 O 0 0 0 0 12

Macroin-

vertebrates
Surface Water Temperature Phyto- \Y 6 1 6 0 0 0 0 O 0 0 O 0 6

plankton

Water Depth  Zoo- \Y 6 1 6 0 0 0 0 0 0 0 0 0 6
plankton

a = DQO Analytical Level for field measurements is I.

HIMILL/surnans. wki
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Table 8-2. Inorganic Target Analyte List (TAL) (Revised June 1991).

Soil/
Sediment
Inorganics Method mg/kg
Aluminum 200.1 40
Antimony 204.2 12
Arsenic 206.2 2
Barium 200.1 40
Beryllium ~00.1 1
Cadmium -J0.1 1
Calcium 200.1 1000
Chromium 200.1 2
Cobalt 200.1 10
Copper 200.1 5
Iron 200.1 20
Lead 239.2 0.6
Magnesium 200.1 1000
Manganese 200.1 3
Mercury 245.1/245.5 0.1
Nickel 200.1 8
Potassium 200.1 1000
Selenium 270.2 1
Silver 200.1 2
Sodium 200.1 1000
Thallium 279.2 2
Vanadium 200.1 10
Zinc . 200.1 4

Note: Due to unforeseeable circumstances some samples may be analyzed by a
different method as long as the limits are met.

832HI-MILL intarget. wkl
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Table 8-4. Sample Containers and Preservatives for the Ecological Investory/Assessment (Revised March 1991).

(8 oz; 3/4 full)

Parameter Container Preservation Holding Time
Sediment
Metals Wide Mouth Glass Cool 4°C 180 days except
(8 oz; 3/4 full) mercury 26 days
Bioassay Wide Mouth HDPE Cool 4°C 14 days
(128 oz; 3/4 full)
TOC, pH, moisture Wide Mouth Glass Cool 4°C 28 days, 24 hours, and
content (8 oz; 3/4 full) 7 days, respectively
Grain size Plastic Bag None Not applicable
distribution (32 oz; 1/4 full) :
Benthic Maro- Wide Mouth HDPE Cool 4°C and Not established,
invertebrates (16 oz; 3/4 full) 90% ethanol (a) analyze as soon as
practical
Surface Water
Phytoplankton Brown Polybottie Cool 4°C and/or Not established,
(32 oz; 3/4 full) 5 mi Lugol’s Solution (b) analyze as soon as
practical
Zooplankton Wide Mouth HDPE Koechees solution (c) Not established,

analyze as soon as
practical

a = Once the field sample is returned to the laboratory it will be washed through a No. 30 sieve and the retained portion will be

preserved with 90% ethanol.

b = If the sample is not analyzed immediately upon return to the laboratory, it will be preserved with 5 mL of Lugol’s solution which
consists of 60 g potassium iodide and 60 g iodine crystals in 1000 mL of distilled water.

¢ = The contents of the net will be washed into the container and an equal volume of Koechees solution (8% formalin in a saturated
sugar solution) will be added to the container.

Note: Holding times are from date of sample collection.

832HIMILL/samcon. wkl
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ABC PROTOCOL NO. 9007
(Prepared for Geraghty & Miller, March 12, 1991)
10-Day Static Bioassay Procedure for Determining the

Toxicity of Xenobiotic Sediment Contaminants
to Hyalella azteca

ABC laboratories’ Study Number

Test Material

This protocol complies with testing procedures described in
ASTM Document #1 E 1383.
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1.0

2.0

3.0

4.0

INTRODUCTION

Agquatic toxicity tests have been used extensively in the assessment of the
environmental effects of chemical substances. Indeed, aquatic bicassays are
required by federal laws such as the Toxic Substances Control Act (TSCA) (1),
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) (2), and the Clean
Water Act of 1977 (3). Testing guidelines have been presented for determining
the acute toxicity of pesticides regulated by FIFRA (4) and other chemical
substances which fall under the jurisdiction of TSCA (5). While these tests have
stressed the concentrations of test chemical in the water column, such experiments
rarely reflect the dynamic systems that exist i  ure. Only recently has
attention been given to sediment quality and the 2nce of xenobiotic-laden
sediments on benthic invertebrates. Adverse effec.. . contaminated sediments
on aquatic biota have been documented (6, 7), and recznt ASTM guidelines have
been developed for testing sediment toxicity (15). It is the intent of this protocol
to provide a methodology to assess the toxicity of contaminated natural sediments
to a representative aquatic invertebrate, Hyalella azteca.

Analytical Bio-Chemistry Laboratories, Inc. (ABC Laboratories) has
prepared the following protocol to comply with FIFRA (40 CFR 160) testing
guidelines, ASTM sediment testing criteria (subcommittee E47.03 Documents E
1383 and E 1391) and the Good Laboratory Practice regulations (8).

OBIECTIVES

The primary objective of the toxicity test described herein is to evaluate
the toxicity of one or more field-collected sediments to Hyalella azteca under
static conditions. This is achieved with a 10-day partial life cycle exposure to the
sediment. Toxicity is evaluated in light of 10-day survival and growth (live
biomass) of the aquatic amphipod, Hyaleila azreca.

TESTING FACILITY

The study will be conducted by the Aquatic Toxicology Division of
Analytcal Bio-Chemistry Laboratories, Inc., 7200 East ABC Lane, P.O. Box
1097, Columbia, Missouri, 65205, 314-474-8575.

METHODS AND MATERIALS

4,1 General. The bioassay method presented here was patterned after
procedures described by Adams, et. al. (6), the American Society for Testing and
Materials (9, 15), and the U.S. Environmental Protection Agency (10, 11).
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42  Test ani

4.2.1 Source and Justification. The test lot of amphipods will be
provided by an ABC Laboratories’ in-house culture. This culture was obtained
from the National Fisheries Contaminant Research Center (NRCRC, USDI-FWS)
in Columbia, Missouri on February 27,1990. The original NFCRC culture was
obtained in August of 1986 from Alan Nebeker, Ph.D., U.S. EPA, Corvallis,
Oregon. The species of choice will be Hyalella azteca, rather than Gammarus
fasciatu, G. pseudolimnaeos or G. leoustris. H. azteca is easier to culture and
does not exhibit the cannibalistic tendencies of the Gammarus species (12). More
importantly, it has been shown to exhibit toxicity responses similar to those of
Gammarus species and to daphnids (13, 14), and is a recommended species in
ASTM guidelines (15).

4.2.2 Culture and Acclimation to Test Conditions. All test organisms
will be held in a controlled-temperature area on a 16-hour daylight photoperiod
(light intensity 70-100 foot candles) at the same temperature used for testing (20
+2°C). The Hyalella azeca will be cultured in aged, hard-maple leaves and fed
a suspension of fish starter mash, yeast, cereal leaves, alfalfa pellets and algae
once weekly.

Testing will be carried out using juveniles of the same age and size.
Acclimation will be performed by transferring 3- to 5-day old juveniles to a 50:50
dilution of well water and test water. After 2 to 3 hours, the organisms wiil be
transferred to a dilution of 25% well water and 75% test water. After an
addidonal 2 to 3 hours, the Hyalella azzeca will be placed in 100% test water.
Gradual temperature acclimation will be accomplished by a 2-3°C adjustment per
day until test temperature is reached.

4.2.3 Reference Toxicants. Representative apmhipods from the ABC in-
house culture will be tested with a reference toxicant supplied by the USEPA.
The reference toxicant used in this test will be a solution of sodium dodecyl
sulfate (SDS), otherwise designated as Reference Toxicant #1. As no reference
toxicity data is currently available for this test species, a range-finding test will
be performed to establish an approximate range of toxicity. From this data a
definitive 96-hour static acute test will be performed to determine an approximate

LC,, for the amphipods.

Following the LC,, determination and prior to or concurrent with the
sediment exposure, the lot of amphipods to be used in this sediment test will be
exposed to a known lethal level of reference toxicant, as established by the LC,,
test. Ten juvenile Hyalella azeca (2-3 mm) will be placed in one- to two-liter
glass beakers containing approximately 200 ml of negative contaminant-free
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control sediment supplied by ABC Laboratories and 800 ml of test water. The
reference toxicant will be added to the glass beakers and stirred, followed by
addition of the test organisms within 30 minutes. The beakers will be observed
for mortality and behavioral abnormalities at 24 and 48 hours. The test will be
deemed acceptable of 100% of the amphipods die within 48 hours,

4.3  Test System. The test will be conducted in one- or two-liter glass
beakers containing approximately 200 ml of sediment and 800 ml of test water.
These test vessels will be placed in a temperature-controlled water bath with
temperature maintained at 20 £ 2°C. A continuous record of the test area
temperature will be maintained and presented in the raw data appendix to the
toxicity test report. The test will be conducted ona 16-hour daylight photoperiod
at a light intensity of 70-100 foot candles. The dilution water used in toxicity
testing at ABC Laboratories will be ABC Laboratories well water prepared to a
total hardness of between 160 to 180 mg/L (as CaCO,). The specific water
hardness will be achieved by blending naturally hard ABC Laboratories weill
water with ABC Laboratories well water that has been demineralized by reverse
osmosis (RO).

4.4  Test Material. Specific information regarding the test sediment is
to be supplied by the sponsor and will be addressed at the time of protocol
approval in section 9.3. Sediment collection and shipment shall be the
responsibility of the study sponsor, and should follow guidelines set forth in
ASTM Document #3 E 1391 (16).

Three different sediments will be tested. These will include four samples
of impacted sediments, two background samples of unimpacted sediments and 2
negative contaminant-free control sediment, which will be supplied by ABC

Laboratories.
4.5  Test Procedure.

4.5.1 General. Sediments collected from field sites will be screened
through an appropriately-sized sieve to remove indigenous organisms and large
particles . debris, or forceps may be used if sieving is not appropriate. Passing
the sediment through an appropriately-sized sieve and removing indigenous
organisms will eliminate interferences due to predation by the indigenous
organisms. Sieving should be done just prior to preparation of test chambers,
each of which will receive approximately 200 ml each of either test or control
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sediment (the exact weight or volume will be recorded). The sediment will be
leveled with a spatula, if necessary, and 800 ml of test water will be added by
slow introduction down the side of the beaker. The sediment/water preparation
will be placed in a temperature- controlled water bath and allowed to equilibrate
for 12 to 24 hours prior to test initiation.

4.5.2 Biological. Test organisms will be selected from a sub-culture of
2nd to 3rd instar individuals (2-3mm). The subculture will consist of Hyalella
azeca hatched in hard water culture and acclimated gradually to test dilution
water.  Hyalella azzeca will be maintained within the test temperature range for
at least 48 hours prior to testing. Test organisms will be fed at least three times
weekly prior to test initiation, a suspension of the same food used in culture.

The test will be conducted using three or four replicates for each impacted
sample and each background sample. Three or four replicates of the control
sediment will also be used. The definitive test will be initiated by impartial,
random addition of test organisms 12 to 24 hours after preparation of the test
system. This will be accomplished by sequentially adding one organism per test
chamber unti] all test chambers contain their complement of 10 Hyalella azeca.
Alternately, the test organisms may be distributed impartially to holding beakers
prior to addition to test chambers.

Test organisms will be fed three times weekly 1.0 ml of food suspension
prepared at a concentration of 5.0 mg/ml suspended solids. A record of food
preparation and feeding will be maintained during the test. The test chambers
will be observed for mortality and/or adverse behavioral effects at 10 days. A
record will be maintained of mortality and abnormal behavior for each treatment
tested. The test will be deemed unacceptable if more than 10% of the test
organisms die in the controls.

At 10 days, the wet weights of the surviving Hyalella azeca will be
determined. Mean organism weight per concentration will be evaluated for
comparson with controls.

4.5.3 Test Procedure.- Chemical and Physical. Temperature, dissolved
oxygen (DO) and pH will be measured on days 0, 4, 7 and 10 in all test
chambers. In addition, temperature and DO will be measured on Days 1 and 2
to determine if the sediment exerts an oxygen demand on the water column.
Dissolved oxygen will be maintained at 240% saturation. (See Section 4.5.5.)

Temperature will be measured continuously in at least one of the test
chambers throughout the study. The alkalinity, hardness, and conducdvity will
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be measured on the dilution water at the beginning of the test and on pooled
replicates from each treatment on Day 10.

4.5.4 Preventive Maintenance. Comprehensive maintenance will be
performed to provide an organized series of actions (including equipment
cleaning, lubricating, reconditioning, adjustments and/or testing) in order to
maintain proper instrument and equipment performance, and to prevent
instruments and equipment from failing during use. The temperature-controlled
water bath, illumination source, thermometer, pH meter, dissolved oxygen meter
and conductivity meter will be periodically serviced and maintained in accordance
with the manufacturers’ instrucdons. The ABC Laboratories Quality Assurance
Unit will monitor the tests to insure that the equipment functions in conformance
with good laboratory practice regulations and the protocol for the study.

4,5.5 Trouble Shooting/Corrective Action. If a problem arises in the
laboratory, action to correct the problem will be taken promptly. Corrective
actions associated with maintaining proper temperature control, illumination and
dissolved oxygen levels are discussed below. (See Section 8.0 for sponsor.
authorization of study changes.)

Temperature - If the temperature-controlled water bath fails to maintain the
temperature at 20 + 2°C, the test will be terminated immediately. The
malfunctioning temperature-control system will either be replaced or repaired.
The test will be re-started with a fresh inoculation of sediments and amphipods.

Tlumination - If the illumination source fails to maintain a light intensity of 70
to 100 foot-candles (and a 16-hour daylight photoperiod), the test will be
terminated immediately and the malfunctioning illumination source will either be
replaced or repaired. The test will be re-started with a fresh inoculation of
sediments and amphipods.

Dissolved Oxygen - If the dissolved oxygen falls below 40% saturation in any test
chamber, aeration will be initiated at once and all test chambers. A gentle flow
of clean dry air will be supplied through Pasteur pipets connected to the ABC
Laboratories in-house air line.

4.6. Analysis of resuits. Means and standard deviations will be reported
where appropriate. The results of the definitive study will be statistically
analyzed for differences in survival and growth (live biomass) between impacted,
background and control sediments. These analyses will employ appropriate
statistical techniques, including analysis of variance techniques complemented
with a comparison of treatment means test (17, 18) using PC DOS SAS/STAT
Release 6.03.
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5.0

6.0

4.7 Report. One copy of the report will be submitted. The report will
contain all original raw data. A copy of the report and associated raw data copies
will be held on file in ABC Laboratories’ archives. Additional copies will be
provided, if requested by the sponsor, at an additional cost. The report wiil
include, but wiil not be limited to, the following:

4.7.1 Study dates, name and address of test facility.
4.7.2 Objectives and test methods.
4.7.3 Reference to the statistical methods used for data analysis.

4.7.4 Description of test sediment (date of collection, date of receipt,
storage conditons, physical characteristics, and method of preparing test
chambers).

4.7.5 Description of test design.

4.7.6 Summary of the data analysis, mortality observations, and test
water quality.

4.7.7 Location of raw data.
4.7.8 List and signatures of study personnel,

4.7.9 GLP compliance statement by study director and a statement by
ABC Laboratories' quality assurance unit.

4.7.10 The report will contain the original raw data for biological
observations and water quality, letters of authorized protocol changes and the
approved protocol. Any deviations from the study protocol will be noted and
their relevance to the test results will be discussed.

DATA R

All original raw data generated in the definitive studies will be provided
to the study sponsor in the appendix to the final report. A copy of the data will

~ be retained in ABC Laboratories’ archives.

PROT HAN:

In the event that modifications of this protocol are deemed necessary, a
written statement of any changes and reason(s) proposed by the study
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7.0

8.0

9.0

sponsor/study director or ABC Laboratories will be submitted to the other party.
All agreed changes will be expressed in writing, signed and dated by the
sponsor’s representative, The signed changes will be appended to the protocol
and included with the final report.

The ABC quality assurance unit monitors each project to insure that
facilities, equipment, personnel, practices, procedures records and controls are
designed and function in conformance with good laboratory practice regulat s
and the protocol for that study. The quality assurance unit will make frequeat,
unscheduled inspections of record books, raw data sheets, equipment and all
facilities at ABC Laboratories, and will provide written documentation of its
observations to laboratory management. Any necessary corrective action will be
taken immediately.

SPONSQR AUTHORIZATIONS DURING THE STUDY

Should a problem develop while the study is in progress, ABC
Laboratories will notify the sponsor’s representative within 24 hours. The
problem and suggested test modifications will be discussed by telephone. ABC
Laboratories will proceed with the changes felt necessary upon the verbal
authorization of the sponsor’s representative, Written acknowledgement will then
be submitted by ABC Laboratories to the sponsor’s representative and the
USEPA.

- RMA

9.1.1 General. The following items will be addressed for each bioassay.
This information is necessary to be in compliance with Good Laboratory Practice
regulations (8). Sections 9.2, 9.3, 9.6.1 and 9.7 are to be completed by the study
sponsor. Sections 9.4, 8.5, 9.6.2 and 9.6.3 will be completed by ABC

Laboratories.

9.1.2 GLP Compliance. To be in compliance with Federal Good
Laboratory Practice regulations, the report of the investigation conducted utilizing
this protocol must contain a statement that the study was conducted in accordance
with GLP’s. The specific GLP regulation, for which this study specific protocol
and resultant study must be in compliance with, is the following: U.S. EPA
Good Laboratory Practice Standards; Pesticide Programs (40 CFR 160).
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9.2  Study Sponsor:
9.2.1 Company

9.2.2 Address

9.2.3 Sponsor’s Representative

Name (Type or Print) Title
9.3  Test Material:

9.3.1 Name

9.3.2 Lot/Batch Number

9.3.3 Physical Description

9.3.4 Date of Collection

9.3.5 Handling Precautions. _thmml_ana,_mts:dmmsamnlu

11 durn mdrmted that leves of in
nstituents in T ack nd levels, Th im l

9.3.6 Known or suspected source(s) of toxicants (specific industry, waste

water treatment, etc.)

9.4  Study Dates:
9.4.1 Proposed starting date of definitive study
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9.4.2 Proposed completion date of definitive study

9.5 ABC Laboratories’ Study Personnel:
9.5.1 Study Director

Name Title

9.5.2 Aquatic Supervisor

Name Title
9.5.3 Aquatic Manager

Name Title

9.6 Protocol Approvals: The following is to be signed by the
appropriate study personnel:

9.6.1 Sponsor’s Representative

Signature Title Date
9.6.2 ABC Laboratories’ Study Director

Signature Title Date
9.7  Authorization to refurn or dispose of test sediments

9.7.1 _At the conclusion of the study, the remaining sediment and test
water will be returned to the stydy sponsor for disposal, The test material will
be retuned to the appropriate sampling location in the field.

9.7.2 Sponsor’s authorized agent to receive the test material and sample.

Name ' Title
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9.7.3 Shipping Address

Company

Street Address

City State Zip Code

Phone Number
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TABLE |

Chemical Characteristics of Hard Blended Water Used
by ABC Laboratories’ Aquatic Toxicology Division*

Parameter Concentration
pH 72-78
Hardness (CaCOy) 160 - 180 mg/L
Alkalinity (CaCO,) 160 - 210 mg/L
Conductivity 220 - 400 pMhos/cm
Suspended Solids 0.2-22mg/L
Aluminum <0.2 mg/L
Arsenic <1.0 ug/L
Boron 0.582 mg/L
Cadmium <0.005 mg/L
Chromium . <0.010 mg/L
Cobait <0.050 mg/L
Copper 0.033 mg/L
Fluoride 0.98 mg/L
Iron 0.332 mg/L
Lead 12.2 ug/L
Mercury <0.4 ug/L
Nickel <0.040 mg/L
Silver <1.0 ug/L
Zinc 0.067 mg/L

* Blended water 1$ a mixture of reverse osmosis (R.O.) and ABC Laboratoncs weil
water to achieve a final hardness of between 160 - 180 mg/L.

Note: The ranges of these selected parameters are from the time period January through
October, 1990. All raw data supporting these ranges are on file at ABC

Laboratories.
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A.

pH ELECTRODE METHOD
(OPH)

Introduction

Applicability: This method is applicable to agueous samples
w1thout significant amounts of particulates,oils or greases
Method 9040 p. :
2. Purpos esting: p 1s ‘a’ parame er whic helps to
establish corrosivity and/or reactivity of a substance. When
the substance is a waste, the information becomes useful in
determining proper storage and disposal. It is also helpful
for the safe and proper handling of the waste in the course of
performing other analyses.

3. Method Detectjon Limit: N/A. However, method range is 1.0
s.u. to 14.0 s.u. Report all pH measurements by electrode to
the nearest 0.5 s.u.
4. Reference Methods: RCRA SW-846, 3rd edition, Rev. 0, Method
9040.
5. Summary of Method: An aliquot of sample is tested with a
pH meter using a pH electrode and a reference electrode.
6. Interferences: Soils and oils may inhibit activity at the
membrane. The electrode should be kept as free from such
materials as possible. When this type of interference is
suspected, the paper pH method should be considered an option
(See pH PAPER (PH)).
7. Sample Co tio ervation: Samples usually are
examined for pH on arrival; otherwise, please reference Sample
storago SOP.

Holding Time: 24 hours.

9 Safety Precautjon: Most waste samples being analyzed for
pH are known or suspected hazardous wastes. Extreme caution

should be exercised when handling these samples. Lab coats,
safety glasses, gloves, and fume hoods are strongly
recommended.

Apparatus

1. pH meter
2. pH electrode and reference electrode.
3. 100 ml beakers.

C. Reagents and Standards

1. Reagents:
a. Buffers, traceable to NIST standards, at pH 4,7,10.
2. Standards: Not applicable.
3. Calibration Verification Source: Not available.
4. Spiking Protocol: Not applicable.

WSPHWTRS.mth
01/14/91
Rev._1
Page_1 of 2



D.

Method

1. Calibrate the pH meter between two buffer solutions, either
4 and 7 or 7 and 10, depending on the suspected pH of the
sample. In order to calibrate, enter the theoretical values
of each buffer into the pH meter. Read the low buffer. Allow
the reading to equilibrate and set it equal to the theoretical
value. Read the high buffer and repeat the same operation.
Once this is done, read both buffers. They should be within
0.05 s.u. of their theoretical values. Repeat calibration
until this is so.

2. Take a 50 ml aliquot of sample and transfer it to a 100 ml
beaker. Immerse the electrode(s) in the sample and allow the
reading to equilibrate at the 0.1 level. Disregard smaller
fluctuations in precision . Record the pH, noting that the
value is entered in the pH-waters log.

Calculations

1. pH is read directly from the pH meter.

F. Quality Control

1. Matrix Duplicate: A duplicate analysis for pH should be
performed on one of every 20 samples. The relative percent

difference should be no more than 30%.

WSPHWTRS .mth
01/14/91
Rev._1
Page_2 of_2
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ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sele property of ENSECC INC.
It is submitted ¢o a client or government agency sclely for its use in
evaluating Ensece's qualifications in connection with the particular project,
cartification or approval for which it was prepared, and is to be held
proprietary to Enseco. :

]

The user agrees by its acceptance or use of this document to return 1t upon
Enseco's request, and not t0 ragroduce, copy, lend or otherwise disclose or
dispose of the contants, direct g or indirectly, and not %0 use it for any
purpose other than that for which it was specifically furnished. The user also
agrees that where consultants or others outside of the user's organization are
involved in the evaluation process, access to these documents shall not be given
to g?oie parties, unless those parties also specifically agrae to these
conditions.

1. Scope and Application

1.1 Analytes
This method {s applicable to the determination of pH.

1.2 Reporting Limit
A reporting 1imit for pH is not defined.

1.3 Applicable Matrices
This method is applicable to wastes, oils and soils, both calcareous
(high calcium contatning) and non-calcarecus. If there {s

uncertainty as to the type of soil being analyzed, the sofl will be
treated as nonscalcareous.
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1.4 Oynamic Range

The normal range {s from { to 10 pH units, Errors at higher pH may
be reduced by using a low-sodium-error electrode.

1.5 Analysis Time

Praparation time {s about 90 minutes. Approximate analytical time is
5 minutes per sample. .

2. Method Summary

The sample is mixed with deionized water; if calcareous (high calcium
containing) soil samples are being analyzed, a calcium chloride solution
is used instead of water. The pH {s then measured electrochsmically.

3. Comments
3.1 Interferences
3.1.1 Incorrect results may occur at very high £>10) or very Tow
(1) pH. Errors at high pH may be reduced by using a low-
sodium-error electrode.
3.1.2 Temperature fluctuations will cause measurement errors.

3.1.3 011 may coat the electrode and interfere with response.

3.2 Helpful Hints

3.2} ?“ values of soils in 0.0IM CaCl2 tend to be just slightly
ower than but highly correlated with those in water.

4. Safety Issues

4.1 A1l employees are expected to be fam{l{ar with and follow the
procedures cutlined in the Enseco/RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, sas your supervisor or
safety officer,

4.2 A1l samples should be considered gotcntially hazardous and handied
witgaapgg?prfate caution. HWear gloves and handle in a hood as much
as possible,
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5. Samples Collection, Preservation, Containers, and Holding Times

Samples are to be collected in suitable wide-mouth containers and
stored at 49C.

5.1

5.2 There is no holdin? time for pH on soil samples. Samples, however,
must be analyzed within 24 hours of mixing with deionized water.

6. Apparatus
6.1 pH meter and electrodes. A combination electrode may be'used.
6.2 Beakers and other miscellaneous apparatus and glassware,
6.3 Glass wool.

7. Reagents and Standards

7.1 Buffers -- pH 4, 7, and 10.

7.2 Calcium Chloride, 0.01 M

Obtain commercially,

Dissolve 1.47 g Calcium Chloride Dihydrate in dejon{zed water and

dilute to 1000 mL. Check the pH and adjust if necessary to between 5

and 6.5 with calcium hydroxide er hydrochloric acid. The conductance
~ of this solution should be 2320 + 80 umho/cm at 259¢C,

7.3 DCS (Duplicate Control Sample)

Obtain a reference material with a certified value for pH. Sources

include NTIS and various commercial suppliers.

The trua value for

this material will vary

from source to source, but must be

established independently of the buffers used for calibration. For
example, the minerals control sample from Environmental Resource
Associates typically has a "true® pH of 9.2. The material s
prepared according te the manufacturer's instructions.

8. Procedure

8.1 Wastes, 0fls, and Nonecalcareous Sofls
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9.

8.3

8.1.1

8.1.2

Weigh 20 q sample into a beaker and add 20 mL dejonized
water. Mix occasionally over the next 30 minutes.

Let the sample settle undisturbed for 1 hour and then
measure the pH as given below, [f the samples are oily,
f{1ter through glass wool to remove ofl, retain the aqueous
phase for analysis.

Calcareous (high calcium containing) Soils

8.2.1

8.2.2

Weigh 10 g sanple into a beaker and add 20 mL 0.01 M
calcium chioride. Mix occasionally over the next 30

minutes.

Let the sample settle undisturbed for 30 minutes and then
measure the pH as given below.

Measurement of pH

8.3.1

8.3 '2

8.3.3

Calibrate the pH meter usin? at least 2 buffers in the
range expected for the samples (pH 4 and 7 for acidic
samples, pH 7 and 10 for alkaline samples).

Insert the electrode into the aqueous layer just far enough
to cover the electrode buld and junction. Do not allow the
electrode to come into direct contact with ofl.

Allow the reading to stabilize and record the pH. Rinse
the electrodes well between measuremants.

QA/QC Requirements
9.1 QC Samples

9.1.1

9.1.2

The prep blank for soil EH 18 40 mLs D! water. The blank
shouid be prepped with the sampies.

Two DCSs are required with each batch of 20 or less
samples.

i



R SATTIWN - ALHOVHIO |0 - -
1g] i4::2 FRCM E  ET3 RMAL TA 121 248233 SAGE.214-024

STANDARD

OPERATING

PROCEDURE

Page 5 of 6
SOP NO.: LVM=RMA-1047 Revision Ro.: “Effective Date:

3.1 9/2/91

9.1.3

9.1.4
90115
g.1.6

9.2
9.2.1
9.2.2
9.2.4
9.2.5
9.2.6

9.3
9.3.1

9.3.2

9.3.3

9.3.4

9.3.5

9.3.6
10. Caleulations

A standard check and a blank check are required after every
10 or less samples and at the end of the run. Any of the
calibration bhuffers or DCS solution may be used for the
standard check,

Duplicates may be required for project specific QC.
It is not possible to spike samples for pH.

See Enseco SOP M«EQA-002 and the Enseco QAPP for additional
information.

Acceptance Criterfa

BCS recovery must be 98 to 102%.

The RPD for DCS samples must be Tess than 5%,

Standard checks must be within 2% of the expected value.
There are no acceptance criteria for project specific QC.
See Ensaeco SOP M-EQA-002 for additional information,

Corrective Action Required

Check buffers and DCS to ensure that the expiration dates
have not been exceeded. Replace solutions if necessary.

Check the electrodes and clean them if necessary. Replace

filling solutions.

Check electrode slope. If less than 98% of theoretical
Nernstian value, the electrode should be replaced.

Recalibrate the meter and recheck against DCS.
Reanalyze all affectad samples.

Consult supervisor if problems persist.

Thare are no calculations for pH.
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11. Reporting Requirements
11.1 Results are reported in pH units.
11.2 Significant Figures
Report results to one decimal place (+ 0.1 unit).
11,4 LIMS Data Entry
The usual standards for data entry apply.
12. References
12.1 Method source: SW-846 3rd Edition Method 9045, ASTM 0 2110-78(B).
12.2 Additional Information: Methods of Sofl Analysis, 2nd Edition
12.3 Deviations from source method and rationale
The caleium chloride solution is not {nitially prepared as a
concentrate. It is not standardized against sflver nitrate.
12.4 011y samples are handled by procedurss based on ASTM D2110-78(8), pH
f Water Extracts of Heglogenat ic Soly and Thelr
elonized water is used instead of bo stilled
water, and phase separatfon is achieved using glass wool rather than
separatory funnels.
12.5 Related Documents:
12.4.1 LM-RMA-1071 pH, Alkalinfty, Conductance (Autotitrator)
12.4.2 LM-RMA-1081 pH (Manual Method)
12.4.3 M-EQA-002 Internal QC Checks - Laboratory Performance QC
12.4.4 Enseco QAPP
12.5 Updates to SOP

Version 2.0 was updated to Version 3.0 to include provision for
analysis of a prep blank.
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ENSECO PROPRIETARY INFORMATION STATEMENT
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organization are invelved in the evaluation process, access to these documents
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agree to these conditions,

1. Scope and Application
1.1 Analytes

This method covers the determination of total organic carben using
the Dohrmann DC-80 TOC analyzer.

1.2 The detection limit is 100 mg/kg.
1.3 Applicable Matrices
This method is appiicable to soils, sludges, and sediments.

Prepared Byt TR
Aiane Lang September 3, 1991
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1.4 Dynamic Range

Instrument response {s l{near to 4000 mg/kg. Higher goncentrations
may be analyzed by dilution of the samples.

1.5 Approximate analytical time is 8 minutes per sample,

2. Summary of Method
The sample is treated with HCL to drive off inorganic carbonates. (Qrganic
carbon {n the sample i3 converted to carbon dioxide (cos) by cata1¥§1c
combustion. The CO2 formed is measured by an infrared detector. The

amount of CO2 is directly proportional to the concentration of
carbonacecus material in the sampls.

3. Comments

3.1 Oily samples will cause erratic results. This is minimized by
homogenization of the sample.

4, Safety lssues
Follow normal laboratory precautions.

5. Sampling

Samples are collacted in glass jars and kept at a temperature of 49C and
protected from sunlight and atmospheric oxygen.

6. Apparatus
6.1 Oohrmann DC-80 TOC Analyzer with sludge/sediment sampler.
6,2 Volumetric pipettes, volumetric flasks, beakers, etc.

7. Reagents and Standards
7.1 10% HCL

Cachu11y 4dd 10 mLs of concentrated HCL to 90 mLs of deionized
water.

7.2 Sodium Persulfate

Add 20 g of Ka520g to §00 mL of deionized water. Add 1 mL
concentrated HNU3 and dilute to 1000 mL with defonized water.
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7.3

7.4

7.5

TOC calibration Standard, 2000 mg/L

Dissolve 4.288 g potassium hydrogen phthalate in about 600 mL
deionized water, add 2 mL concentrated sulfuric acid and dilute to

1000 mLs with defonized water.

DCS/ICB Solution, 1000 mg/L

Dissolve 2.128 g potassium hydrogen phthalate (use a chemical source
independent from that used for the calibration standard) in about 500
mt deionized water, add 2 ml concentrated sulfurfc acid, and dilute
to 1000 mL with deionized water.

Silica Gel - baked in muffle furnace prior to use.

8. Precedure

8.1

8.2

Sample Prep

8.1.1 A 3-5 g representative aliquot of sample is air dried
overnight.

Samples should be homogenized and ground to a very fine mesh.
Leave out any extraneous artifacts, 1s., glass chards, large
twigs and leaves, eotc.

On a watch glass add a few drops of 10% HCL to the dried,
ground sample, 1f any fizzing occurs, saturate the sample
slowly with 10% HCL. Redry sample, Test for fizzing again.
Repeat until no fi22ing or no inorgeanic carbon eccurs.

8.1.2

8.1'3

8.1.4 Redry and regrind the sample.
Instrument Set-up

8.2.1
8.2.2

Turn on furnace and allow about 1/2 hour to warm up.

(as indicated by an intensa

When furnace is up to temperature
cc/min and turn on the

red glow) adjust the oxygen to 200
power switch to the detector unit.
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8.2.3 Prior to running samples make sura that:

Gas 13 coming into the UV reactor.

Water column height difference 1n the U-tube 1s
approximately 3-4". (This is typical back pressure
indicator).

UV Tamp is turned off.

The reactor is filled with sodium persulfate reagent.

8.2.4 OQObserve the baseline on the digital display. It should be
stable after the furnace temperature is established and al}
the CO2 is purged out of the reactor.

8.2,5 The platinum boat may accumulate carbonaceous {mpurities,
mainly from the carrier gas. When the boat has been {n the
cool zone for a long period of time it should be placed in the
furnace for at least two minute to “bake” before use.

8.2.6 Adjust Control Module Settings:

Mede Selection Switch: TOC
Sample Volume Select: 40 ul

8.2.7 Check instrument calidration by analyzing a 2000 mg/L
standards. Inject 40 uL of this standard through the septum
onto 40 mg of silica gel in the boat. Move the boat into the —
furnace and press the start button. If result is not within
{0%, recalibrate. To erase prior calibration press the CALIB
button for more than one second. Then regoat the procedure
11sted above for thras injections of the 2000 mg/L standard.
8¢ sure to Tet the boat cool for about a minute when removing
from the furnace, Press CALIB button to recalibrate.
Finally, run a 2000 mg/L standard to check calibration.

9. Analysis
9.1 Remove boat from the f1ip top inlet block.
9.2 Weigh the combustion hoat and record the weight.
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9,3 Place about 0.04 g homogenized sediment in the combustion boat and
reweigh. Record the weight. Combustion boats should not be handled
with the bare hand during this process (use forceps). If total
carbon or inorganic carbon is to be determined, cupric oxide fines
may be added to the sample to assist in combustien.

9.4 Slide the boat into the furnace.

9.5 Press the start button.

9.6 The result {s racorded as total organic carbon.

9.7 Samples which are high in TOC (greater than 4000 mg/kg) are diluted
by waight with silica gel. To abtain & homogenous mixture, weighed
soil samples are ground with 3 weighed portion of silica gel 20 &
homogenous powder. An aliquot of around 0.04 g fs taken from the
di{luted sample for analysis.

10. QA/QC Regquirements

10.1 QC Samples

10.1.1 Analyze a blank, which s a *baked* boat and 40fmg°si1ica gel,

with 40 ul of DI water added with every batch o or less
samples,

10.1.2 Two DCS samples are required with every batch of 20 or Tess
samples.

10.1.3 Check standards are required after every 10 or less samples
and at the end of the run.

10.1.4 Duplicatas may be required as project specific QC.

10.1.5 Spikes may be required as project specific QC. Inject 40 ul
of 1000 mg/L stock onto the soil sample in the boat. The
spiking concentration {s 1000 mg/kg.

10.1.8 If dilutions are needed run a silica gel blank along with the
samples.

10.2 Acceptance Criteria

Tt.T= orM PO
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10.2.1 0CS
Agcyracy Precision

ToC 85-115% 20%
10.2.2 Standard checks must be within 10% of the expected value.
10.2.3 Blanks must be less than two times the reporting limit.
10.3 Corrective Action Required
10.3,.1 Verify that the instrument is properly ca]ibratod:

10.3.2 Check gas flows with a flow meter at various peints through
out the system. Repair any leaks.

10.3.3 Check for non-linearity and also the IR output. If results
are erratic the cell may need cleaning.

11. Calculations

mg/kg Ce 0.04 x Instrument Reading
Sample Weight

Multiply by any dilutions made to get the final result.
12. Reporting
12.1 Reporting units are mg/kg.
12.2 Reporting Limits
Samples less than 100 mg/kg are reported as ND.
12.3 Significant Figures
Three significant figures are reported.
13. Referencas
13.1 EPA Method 415.1
13.2 SW-846 Method 9060
13.3 Dohrmann DC-80 Total Organic Carbon Systems Manual Edition 11.
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1. Scope and Application
1.1 Analytes
This methed determines the Total Sclids content of a sample as well
as its Fixed and Volatile fractions. These parameters are alsc

referrad to as Total, Ash or NoneVolatile, and Volatile Residues,
respectively. Percent water is alsc determined.

“Prepared by: ~Sate:
Sherman Gray / Wi{ll Pratt March 14, 1991
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1.2 Reporting Limit
The reporting 1imit for each parameter is 0.1 percent.

1.3 Applicable Matrices

This method {s applicable to soil and industrial/domestic waste
samples.

1.4 Dynamic Range
The test range for each parameter {s from 0.1 % to 100 %.
1.5 Analysis Time
The approximate analytical time 1s twenty four hours per sample

1nc1ud1ng preparation and clean up. Multiple analyses can be
performed at one time.

2. Method Summary

2.1 A 15 g aliquot of homogenized sample {s oven-dried at 1050C. The
dried sample is weighed and the Total Solids content is determined.

2.2 The dried sample is ignited at 5509C. The ignited sample i .
and the Fixed Solids gontcnt is determined. g ple 1s weighed

2.3 The Volatile Solids content {s determined by difference.
2.4 Percent water is also determined by diffarence.
3. Comments

The Fixed and Volatile Solids results are expressed as a percentage of th
Total Solids content of the sample, NOT as appercentage og the togal *

sample.

The Percent Water result is used to calculate "dry weight® results for
other analyses. This calculation fs performed automaticaily by LIMS.
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4.

3.1 Interferences

3.1.1 The principal source of error is failure to obtain a
representative sample,

3.1.2 Negative errors will result from, among others, evaparative
Tosses, loss of water of crystaliization and loss of volatile

organic matter during drying.

3.1.3 Positive srrors will result from the presence of significant
amaunts of ofl and grease as well as the absorption of
moisture after drying or ignition.

3.1.4 Dottrminin; low concentrations of Volatile Solids in the
presence of high concentrations of Fixed Solids mey result in
considerable negative error due to occlusion.

3.2 Helpful Hints

Perform all weighings as quickly as possible. Wet samglos lose
weight through evaporation while dried or ignited samples can be very
hygroscopic and absorb moisture from the air.

Safety Issues

4.1 A1l employsss are expected to be familiar with and follow the
procedurss outlined in the Enseco/RMAL safety plan. A lab coat and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 High temperature ovens are employed in this procedure. Adequate
gloves and tongs should be used when transferring samples from the

ovens samples.
Sample Collection, Preservation and Holding Times

§.1 Samples are to be collectsd in a glass or plastic bottle with a tight
fitting cap and refrigerated to 48c.
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8.

§.2 Thers is no holding time for these parameters, however, analysis
should begin as saon as possible.

Apparatus

6.1 Aluminum weigh dishes.

6.2 Topeloading balance, 0.01 g sensitivity.

6.3 Drying oven (1109C capacity).

6.4 Muffle furnace (600°C capacity).

6.5 High temperature gloves.

6.6 Crucible tongs, long handled.

6.7 Desiccator.

Reagents and Standards

7.1 Oesiccant {anhydrous sodium sulfate or equivalent).

Procedure

8.1 Instrument Set-up and Calibration
8.1.1 Turn on the drying oven and set the temperature for 105°C.
8.1.2 Turn on the muffle furnace and seat the temperature for 550°C.

8.2 Preparation

8.2.1 Identify the samples and tests to be analyzed using the
backlogs.

8.2.2 For samples requiring Total Selids (or Percent Water} anly,
place new, numbered aluminum weigh dishes in a preheated
dryin? oven for 1 hour at 1059C. For samples requiring Fixed
or Volatile Solids, place new, numbered aluminum weigh d{shes
in a preheated muffle furnace for 1 hour at 550°C. Remove,
gool and store 211 weigh dishes in a desiccator until ready

or use.
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8.2.3 Chack LIMS for Special Instructions for EVERY sample. Make
coptes whether they apply or not, include them with the data

package and record on the benchsheet.

8.2.4 Obtain the samples to be analyzed from the walk-in cooler.
Record the sample numbers on the benchsheet.

8.3 Analysis

For all analytes, sample masses are determined by first taring the
balance with an empty weigh dish. BE CAREFUL NOT TO TARE THE BALANCE
AGAIN PRIOR TO OBTAINING THE SAMPLE MASS. It has been found that the
aluminum weigh dishes do not vary in mass more than 0.02 gram.

8.3.1 Remove a pretreated aluminum weigh dish from the desiccator,
place on the top-loading balance and tare the balance. Record
the weigh dish number on the benchsheet.

8.3.2 Homogenize the sample and pulverize large chunks. Place a
15.0 gram aliquot into the dish. Record the wet sample mass
to the nearast 0.0l gram on the benchsheet.

8.3.3 Carefully place the sample and dish in the preheated drying
oven. Allow the sample to dry for betwsen 12 and 24 hours.

NOTE: Samples may be dried for less than 12 hours as long as
the weight loss batween drying cycles is no more than 0.01 g.
Consult your supervisor before procesding, however.

8.3.4 Remove and immediately place the dried samples in a
desiccator. Allow to cool for one hour. If the sample
appears oily, record on the henchsheet.

8.3.5 Tare the balance with an empty weigh dish. Weigh the dried
sample and record the mass on the benchsheet. Total Sol{ids
(and Percent Water) may now ba calculated. See section 10.1.

NOTE: If NEITHER Fixed NOR Volatile Solids daterminations are
required, proceed to section 8.4.
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8.3.6 Carefully place the dried sample and dish {n the preheated
muffle furnace. Allow the sample to {gnite for 1 hour at

5800¢C.

8.3.7 Remove and immediately place the ignited samples in a
desiccator. Allow to ccol for one hour.

8.3.8 Again tare the balance with an empty weigh dish. Weigh the
ignited sample and record the mass on the benchsheet. Fixed
and Volatile Solids may now be calculated. See sections 10.2
and 10.3, respectively.

8.4 Conclusion

8.4.1 Dispose of the "spent” sample in a properly laballed waste
container.

8.4.2 Return a1l unused samples to the walkein cooler,
8.4.3 Turn off all equipment, clean all apparatus and work area.
8.4.4 Complete the data package making sure the benchsheet 1is

gropcrly filled out (see attached exampie-Attachment I).
ubmit to supervisor for approval.

9. QA/QC Requirements

8.1 QC Samples
9.1.1 A blank 1s not applicable to Solids analysas.
9.1.2 DCSs are not applicable to Soltds analyses.
9.1.3 Duplicates may be required for project specific QC.
9.1.4 Spikes are not applicable to Solids analyses.
9.1.5 See SOP: M-EQA-0002 and the Enseco QAPP,

8.2 Acceptance Criteria

There are no acceptance criterta for Solids analyses.
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8.3 Corrective Actions
Follow the corrective actions outlined {n the currant Enseco QA Plan.

10. Calculations

B

10.1 Total Solids, & = {--x--} * 100
c

10.2 Fixed Sol{ds, & = {--E--} * 100
8-C

10.3 volatile Solids, ¥ = { ---;--- } * 100

B
10,3 Parcent Water, ¥ & 100 - [ { --i.. } o+ 100]

where “A" is the sample mass, wet (gramsg.
"8" is the sample mass, dry (grams) and
“C" is the sample mass, ignited (grams).

Volatile Salids may also be calculated as
100 - ¥ Fixed Solids (see attached benchsheet example).

11. Reporting Requirements
11.1 Units

The royorting unit for Total Solids and Percent Water is % (of total
sample).

Th?1§' orting unft for Fixed and Volatile Solids is & (of total
solids). ,




HITTIW © ALHOVHEID .0 <4

sge :é:'sxlfaizft Féc% Asaco IMAL TO 13 5249233 PAGE.023/024
STANDARD
OPERATING
PROCEDURE
Fage § _of _§
SOF No.: Revision No.: ~ Effective Date:
LM-RMA-1100 2.0 ‘March 14, 1991

12.

13.

11.2 Limits
The reporting 1imit for all parameters 1s 0.1 %,

11.3 Significant Figures
A1l results are to be reported to the nearest 0.1 %.

11.4 LIMS Date Entry

ALL Fixed Solids and Volatile Solids results are footnoted "Reported
as a percentags of total solids content® (LIMS footnote "v").

11.5 Anomalies

Results from samples that agpear oily after the drying cycle are
anomal{zed “Results of sample XX may be inaccurate - sample appeared
cily after drying®.

Review Requirements

12.1 ggrify that calculations were performed correctiy by checking all of
em.

12.2 Verify that Fixed Solids and Volatile Sol{ds results are correctly
faotnoted.

12.3 Verify that rasults are correctly anomalized.

12.4 Transfer anomalies to preview report cover sheet,

References

13.1 Source Methods: Msthod 160.3 “Total Residue® and Method 160.4
"Volatile Residue*, Methods for Chemical Analysis of Water and
Wastas, EPA-800, March, 13983; ASTM D2216-80 "Laboratory

Determination of Water (Moisture) Content of Soil, Rock and Soile
Aggregate Mixtures.*®
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13,2 Related Documents

13.3

13.4

13.2.1

13.2.2

Method 2540 G. °“Total, Fixed, and Volatile Solids in Solid
and Semisolid Samples", Standard Methods for the Examination
of Water and Wastewater, 17th Edition, 1589,

Method 7-2.2. *Gravimetry with Oven Orying”, Methods of
Soil Analys;;s Number §, C.A. Black, American Society of

Agronomy, 1

Deviations from Sourcs Method and Rationale

The EPA source methods specify waters and wastes &s the applicable
matr{ces. Deviations in this SOP exist as a result of the different
matrices analyzed.

13.3.1

13'3.2

13 .3 .3
13.3.4
Updates

13.4.1
13.4.2

13.4.3
13.4.4

Aluminum weigh dishes are used {nstead of porcelain as a
matter of convenience.

Method 2540 G recommends the use of a 25 - 50 g sample
aliquot. 18 g is used since that is the approximate
capacity of the aluminum weigh dishes employed.

The 12 to 28 hour drying time window was adapted from the
EPA-CLP SOW 787, Part F.

Percent Water is expressed as a simple percentage, not as
the ratio of "pore” or "free® water to the mass of solid
material, as defined in the ASTM D2218 method.

to SOP (Original to Revisien 1.0)

Nomenclature has been revised (e.g. Fixed vs, Non-Volatile).

The actual weighing of empty dishes has been eliminated to
save time during the calculations.

The reference methods were revised and expanded.

Revision 1.0 to Revision 2.0 incorporated the Percent Water
analysis and all appropriate calculations and deviatiens.
The example benchsheat has alsc been revised to reflect
Percent Water,




(25 pm) sieve as required i ol amount ol 220

s allocated as follows:

Test Grams
[ spuid limit 100
Plastic bmit 15
Centriluge moisiure equivalent 10
Volumetric shrinkage 30
Chech tests 65

6. Preparation of Test Sample

6.1 Sclect that portion of the air-dried sample
selected for purpose of 1ests and record the mass
as the mass of the total test sample uncorrecied
tor hyl,mscupic moisture. Separate the (st sam-
ple by sieving with a No. 10 (2.00-mm) sieve.
Grind that fraction retained on the No. 10 sicve
in a wortar with a rubber-covered pestle until
the apgregations of soil particles are broken up
ino the separate grains. Then separate  the
ground soil into two fractions by sicving with a
No. 10 sieve,

6.2 Wash that fraction rctained alier the see-

ond sieving lice of all fine mateaial, diy, and
weigh. Record this miass as the mass ol coars
mierial. Sieve the coarse material, after being
washed and dried, on the No. 4 (4.75-mm) siew
and record the mass retiined on the No. 4 sieve,

7. Test Sample for Particle-Size Analysis

7.1 Thoroughly mix together the fraction
passing the No. 10 (2.00-mm) sicve in both sier-
ing operations, and by the method of quatering
or the use of a sampler, select a portion weighing
approximately 115 g for sandy soils and appror-
inately 65 g tor silt and clay soil for particle-sie
analysis,

8. Test Suple for Soil Constants

8.1 Scparate the remaining porstion of the me
terial passing the No. 10 (2.00-mm) sicve inle
twao parts by means of a No. 40 (425-pm) sieve.
Discard the fraction retained on the No. 40 sicve.
Use the fraction passing the No. 40 sicve for the
determination ol the sotl constants.

1 ine . tncrscun Necacty for Testing aad Materials takes ne positaons sespasting the validuy of any patent vights assericd wt connediam
wath conv e mentionwed in this standord Users of this saundord are expressly adlvised thas detenmination of the validity of any vad
Juatent vaches, and the ik of infringement of sk cights, are entirely thesr ovwn cesponsibility.

Fhes standarad iy subjoct 1o revivion at any tane by the respennable wechaecad commities and mant be reviewed every five years and

o et revined. esther ceapproved or withdrawn. Your commeny

¥ are mesed ciher for revision of this sandard o~ for addiond

standurds and should by addressed 10 ASTM Hewdiquariers Y our comments will coceve careful consideration at a mecting of e
eesponsible technival commmttee, which you maw attend 1 you feel that vour commients have sn received a joie hearing you Jandd

make viuer views Anowst 4o the ASTA Comantive on Standuardhy,

1916 Race St.. Pinladelphia, P4 19103,
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; Standard Method for

: PARTICLE-SIZE ANALYSIS OF SOILS'

This standard iy issucd under dhie lincd desigoation 13 422; dhic numbier immediately foltowing ihe designation indwates the year ot

enginal adoption ur,

the case of revision, the year of Last reviston. A sumber in pascntheses indicates the year of last reappros al

Asperscaipt epsiton (o) indicates an cditorial change since the fast revision of scapproval.

'
;l. Scape

E L1 ‘This method covers the quantitative de-
“kermination of the distribution of particle sizes
in soils. The distribution of panticle sizes larger
“than 75 pm (retained on the No. 200 sieve) is
.determined by sieving, while the distribution of
mnticle sizes smaller than 75 pm is determined
by a sedimentation process, using a hydromeier
losccurc the necessary data (Notes 1 and 2).

" Note —Separation may be made on the Nao. 4
»(Hi-mm) No. 40 (425-pum), or No. 200(75 -pim) sicve
+lastead of the No. 10, For whatever sieve used, 1the size
(shall be indicated in the repost.

4 Note 2—Two (ypes of dispersion devices are pro-
'Mtd (1) a high- spcul mechanical stireer, and (2) air
! dispersion. Extensive investigitions indicate that air-
dispersion devices produce a mote pasitive dispersion
i of plastic soils below the 20-pm size and appreciably
Iusdt;radanon on all sizes when used with sandy soils.
Because of the delinite advantages Favoring air disper-
! tiom, its use is recommended. ‘The sesults from the two
s bypes of devices differ in magnitude, dqumhu‘, upon
loll type, leading (o marked differences in particle size
( “lobnlum especially for sizes finer than 20 jun.

W
P. Applicable Documents
L1 ASTM Swandards:

_p ‘D421 Practice {or Dry Preparation ol Soil
I} Samples for Particle-Size Analysis and De-

¢: - termination of Soit Constants?

#!1E 11 Specificition for Wire-Cloth Sicves for
! Testing Purposes’

.E 100 Specification for ASTM FHydrometers!

e,
=

L

3. Apparatus
3 Balances—A balance sensitive to 0.01 g

tl'otwcnghmg the maternial passing a No. 10 (2.00-
Y mm) sieve, and a batance sensitive 10 0.1 % of

+ the mass of the sampie (o be weighed for weighing

the material retained on a No. 10 sicve.

3.2 Stirring Apparatus—LEither apparatus A
or B may be used,

3201 Apparatus A shall consist of a mechan-
ically operated stirring device in which a suitably
mouated clectric motor turns a vertical shali
a speed of not less than 10 000 rpm wathout load.
The shadt shall be equipped with a1 replaceable
stirning paddie made of metal, plastic, or hasd
rubber, as showan in Fig. 1. The shaft shall be of
such leagth that the stirring paddie will operate
not less than Y in. (19.0 mm) nor more than 1)
in. (38,1 mm) above the bottom of the dispersion
cup. A special dispersion cup conforming o
cither of the duesigns shown i Fig. 2 shall be
provided 10 hold the sample while it is being
dispersed.

3.2.2 Apparatus B shafl consist of an air-jel
dispersion cup?® (Note 3) conforming 1o the gen-
eral details shown in Fig. 3 (Notes 4 and 5).

Nore 3—"The amount of air sequised by an air-jcl
dispersion cup is of the order of 2 1*/min; some small
air compressors are not capable of supplying suflicient
Air 1o operate a cup.

Noe 4—Another  air-type  dispension  device,
knowa as a dispersion fube, developed by Chu and
Davidson at lowa State College, has been shown 1o give

U his methand is under the jurisdiction of AS I'M Commitice
DR an Soil amd Rack and is the dicect gespansibibity of
Sulwammitice DEBOS on Teature, Plasticity, and Density Chae-
actevistws of Sodls.

Cunent edibion approved Nov, 28,
lishwdd 1935, Replices 1D 422 - 62,

P tnnisal Bowik of ASTAE Standurds, Vol 04 08

b tomnvsad Mok of ANSTM Standurds, Vol 1402,

S Aol B of ASTM Standards, Voi 14.0).

S ctailed warking drawings for this cup are avilable at a
nomin cost frsm the Amcrivan Socikety tur Testing amt Ma-
wwibabs, 1916 Riace Su, Philsdelphia, PA 12103, Ocder Adjuinct
N 1240423000,

196). Ongmnally pub-

1S



cgin u thoe ed by r-jet d
ston caps. When st is used, soaking of the sample can
he dane i the sedimentation cylinder, thus chiminating
the aced for innsferring the shurry. When the air-
dispersion tube is used, it shall be so indicated in the
repord.

Noi: 5—Water may condense i air lines when nol
in use. This water must be removed, cither by using a
water (rap on the air line, oc by blowing the water out
of the line before using any of the air for dispersion
PUEpOSeS.

3.3 Hydrometer—An ASTM  hydromeler,
graduated to read in either specific gravity of the
suspension or grams per litre of suspension, and
conforming 1o the requircments for hydromelters
15111 or 15211 in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale
being the only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder
essenlially 18 in. (457 mm) in height and 2Y1 ia.
(63.5 mum) in diameter, and marked for a volume
of 1000 ml.. The inside diameter shall be such
that the 1000-mL. mark is 36 £ 2 cin from the
bottom on the inside.

VS Thermometer—A \hermometer accurate
t I'IF (0.5°C).

1.6 Sieves—A series of sicves, of squarc-mesh
woven-wire cloth, conforming o the require-
ments of Specification E 1. A full set of sicves
includes the following (Nole 6):

3-in. (75-mm) No. 10 (2.00-mm)
2-in. (50-mm) Nuo. 20 (850-pum)
1:-in. (37.5-mm) No. 40 (425-pm)
)-in. (25.0-mm) No. 60 (250-pm)
Yoo, (19.0-mm) No. 140 (106-pm)

Ya-in. (9.5-mm) No. 200 (75-ptm)
No. 4 (4.75-mm)

Noti: 6—A set of sicves giving uniform spacing of
poins lur the graph, as required in Scction 17, may be
wscad i desired. This set consists of the following sicves:

Y-in. {75-mm) No. 16 (1.18-mm)
Wi, (37.5-mm) No. 30 (600-pm)
Yoo, (19.0-mm) No. 50 (300-j0m)
Ya-in. (V.5-tum) No. 100 (150-pim)
No. 4 (4.75-mm) No. 200 (75-j1m)
No. & (2.36-mm)
3.7 Water Bath or Constant-Temperature
Room—A water bath or constant-temperature
roam for naintaining the soil suspension at a
comstant temperature  during  the  hydrometer
analysis. A satisfactory waler tank is an insulated
tank it maintains the temperature of the sus-
pension at a convenient constant lempenture i
or near 68°F (20°C). Such a device is illustrated
in Fig. 4. In cases where the work is perlormed
in g toom at an avtomatically controlled constant

te tule, “terd S not ury.
38 Beaker—¢  aker ol 250-ml. capacity.
3.9 Tinming Device—A watch or clock witha
second hand,

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphak
(somctimes called sodium metaphosphate) shal
be used in distilied or demincralized water, at the
rate of 40 g of sodivm hexametaphosphate/lix
of solution (Note 7).

No1e 7—Solutions of this salt, if acidic, slowly o
vert or hydrolyze back to the orthophosphate fosm wi
a resublant decrease in dispersive action.  Solution
should be prepared frequently (at least once a mostl)
or adjusted 10 pll of 8 or 9 by mcans of sodive
carbounate. Bolttles containing solutions shoukd bave te
date of preparation marked oa them,

4.2 All water used shall be cither distilled o
demineralized waler, The water for a hydromeia
test shall be brought 10 the (emperature that &
expected to prevail during the hydrometer test
For example, if the sedimentation cylinder is
be placed in the waler bath, the distilled or de
mincralized water to be used shatl be brought
the temperature of the controtled water bath; or,
il the sedimeatation cylinder is used in a room
with controlled temperature, the water for ik
test shall be at the temperature of the room. The
basic temperature for the hydrometer test is 68°F
(20°C). Small variations of temperature do nat
introduce differences that are of practical sigaif
icance and do nol prevent the use of correction
derived as preseribed.

5. Fest Sample

5.1 Prepare the test sample for mechanicl
analysis as outlined in Practice 1421, Dunng
the preparation procedure the sample is dividd
o two portions. One porlion contains only
particles retained on the No. 10 (2.00-mm) siew
while the other portion contains only particle
passing the No. 10 sieve. The mass of air-dried
soil sclected for purpose of tests, as prescribed i
Practice 1D 421, shall be sullficient 1o yickd quas
tities for mechanical analysis as follows:

S.L1 The size of the porstion retined on ik
No. 10 sieve shall depend on the maxioum six
of pasticle, according o the following schedule:

Nominal Diameter of
bargest Pacticles,
m. (pun)

Ye ( 3)

% (9.0)

Apprazimale Minimen
Mass o Portion, g

40
U

1o

e Pl

ol .. L Panie - /. wate b n
0. (mm) — Mass of Pastion, g
{ (25.4) 2080}
1 (38.0) U
2 (510.8) 4000
3 (362 S000

5.1.2 The size of the portion passing the No.
10 sicve shall be approximately 115 g for sandy
soils and approximately 65 g for silt and clay
soils.

5.2 Provision is made in Scction § of Practice
D421 for weighing of the air-dry soil selected for
pumpose of 1csts, the separation of the soil on the
No. 10 sicve by dry-sicving and washing, and the

y dry 3 B,
weighing of the washed and dried [raction re-
ained on the No. 10 sieve. From these two
masses the pereentages retained and passing the
No. 10 sicve can be calculated in accordance
with 12.1.
© Nomi 8—A check on the mass values and the thor-
sughncss of pulverization of the clods may be secured
by weighing 1he portion passing the No. 10 sicve and
adding this valuc 1o the wass of the washed and oven-
dried portion retained on the No. 10 sicve.

_SIEVE ANALYSIS OF PORTION RETAINED
ON NO. 10 (2.00-mm) SIEVE

- 6. Procedure

6.1 Separate the portion retained on the No.
10(2.00-mm) sicve inlo a series of fractions using
the J-in. (75-mm), 2-in. (50-mm), 1'2-in. (37.5-
mm), 1-in. (25.0-mm), Y%-in. (19.0-mm), %-in.
(9.5-mm), No. 4 (4.75-mm), and No. 10 sicves,
or as many as may be nceded depending on the
ample, or upon the specifications for the mate-
nial under (cst.

6.2 Conduct the sicving operation by micans
of a latcral and vertical motion of the sicve,
accompanicd by a jarring action in order (o keep
the sainple moving continuously over the surlace
of the sicve. In no case rm or manipwlate rag-
ments in the sample through the sieve by hand.
Continue sicving until not more than | mass %
_of the residuc on a sicve passes that sicve during
I min of sicving. When mechanical sicving is
wsed, test the thoroughness of sicving by using
the hand method of sieving as described above.
© 6.3 Determine the mass of cach fraction on a
balance conforming to the requircments of 3.1,
Al the end of weighing, the sum of the masses
relained on all the sicves used should cqual
closcly the original mass of the quantity sieved.

Thvvaae

L LVIOL. L GSING L. NO. . o0,

SIEVE
7. Determination of Composite Correction for
Hydrometer Reading

7.1 Equations for pereeatages of soil remain-
ing in suspension, as given in 14.3, are based on
the use of distilled or demincralized water. A
dispersing agent is used in the water, however,
and (he specilic gravity of the resulting liquid is
appreciably greater than that of distilled or de-
mineralized water,

7.1.1 Baoth soil hydrometers are calibrated at
O68°1F (20°C), and variations in temperature rom
this standard temperature produce inaccuracics
in the actual hydrometer readings. The amount
of the inaccuracy increases as the variation from
the standard temperature increases.

7.1.2 Hydrometers are graduated by the man-
ulacturer 10 be read at the bottom of the menis-
cus formed by the hiquid on the stem. Since it is
not possible to securce readings of soil suspensions
at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for
the three items enumerated is designated as the
composite correction, and may be determined
experimentally.

7.2 For convenicnce, a graph or table of com-
posite corrections for a series of 1° temperature
dillerences for the range of expected test temper-
atures may be prepared and used as nceded.
Mecasurement of the composile corrections may
be made at two temperatures spanaing the range
of expected test temperatures, and corrections tor
the intermediate temperatures calculated assum-
ing a straight-line relationship between the iwo
observed valucs.

7.3 Prepare 1000 ml. of liquid composed ol
distilled or demineralized water and dispersing
agent in the same proportion as will prevail ain
the sedimentation (hydrometer) test. Mace the
liquid in a scdimentation cyclinder and the cyl-
inder in the constant-temperature water bath, sci
for one of the two temperatures 1o be used. When
the temperature of the liquid becomes constant,
inscrt the hydeometer, and, after a short interval
to permit the hydrometer to come (o the temper-
ature of the hiquid, read the hydrometer at the
top of the meniscus formed on the stem. lor
hydrometer 15 1H the composite correction s the
diflerence between this reading and one; for hy-

H?



i Alere e
reading and zero. Bring the liquid and the hy-
diometer (o the other temperatwie (o be used,
and secure the compasile correction as belore.

wler

K. Hygroscopic Moisture

%.0 When the sample is weighed for the hy-
drometer test, weigh out an auxiliary portion of
from 10 10 15 g in a small metal or glass con-
tainer, dry the sample 10 a constant mass in an
oven at 230 2 9°F (110 £ 5°C), and weigh again,
Record the masses. '

9. Dispersion of Soil Sample

9.1 When the soil is mostly of the clay and silt
sizes, weigh out a sample of air-dry soil of ap-
proxiniiiely S0 g. When the soil is mosily sand
the sample should be, approximately 100 g.

9.2 Place the sample in the 250-ml. beaker
and cover with 125 ml. of sodivm hexameta-
phasphate solution (40 g/L). Stir until the soil is
thoroughly wetted. Allow to soak for a1 least 16
h.

9.3 At the end of the soaking period, disperse
the sample further, using cither stirring apparatus
A or b If stirring apparatus A is used, transler
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig. 2, washing
any 1esidue from the beaker into the cup with
distilled or demineralized watere (Note ). Add
distitled or demineralized water, if necessary, so
ihat the cup is more than hall full. Stir for a
periad of | min.

Mot Y—A large size syringe is a convenient device
t handling the waler in the washing operation. Other

devices include the wash-water bottle and a hose with
noszle connected to a pressunized distilled water tank.

9.4 If stisring appasatus B (Fig. 3) is used,
remove the cover cap and connect the cup to a
compiessed air supply by means of a rubher hose.
A air gage must be on the line between the cup
and the control valve. Open the control valve so
that the gage indicates | psi (7 kPa) pressure
{Note 10). Transfer the soil - water shary from
the heaker to the air-jet dispersion cup by wash-
ing with distilled or demineralized walcr. Add
distilled or demineralized water, if necessary, so
that the total volume in the cup is 250 ml,, bult
no more,

Non: 10—The initial air pressure of | psi is required
1o prevent the soil - waler mixture from cntering the

air)et chambwe when the minture is wansferied o the
dispersion cup.

HIR

tace ver ¢ the W ujx
the air control vidve until the gage pressure is)
psi (140 kPa). Disperse the soil according ot
following schedule:

Dispersion Pesind,

Plasticity linbex min

Under § b
61020 10
Over 20 [}

Suils containing large percentages of mica nee
be dispersed for only | min. Alter the dispersios
period, seduce the gage pressure (0 1 psi prepa
atary to transfer of soil - water shurry to the sd
imeatation cyhinder,

10. Hydrometer Test

10,1 tmmediately after dispersion, transfer e
soil - water shurry 1o the glass scdimentation of
inder, and add distilled or demineralized wala
until the total volume is 1000 ml..

10.2 Using the palm of the hand over the opa
end of the eylinder (or & rubber stopper in ik
open end), turn the cylinder upside down asd
back for a period of 1 min to complete tk
agitation of the slurry (Note 11). At the end ol
min set the eylinder ina convenient location ad
take hydrometer readings at the lollowing inser-
vals of time (measured from the beginning o
sedimentation), or as nuiny as may be needed,
depending on the sample or the specification fu
the matesial under test; 2, 5, 15, 30, 60, 250, ad
1440 min. Il the controlled water bath is used
the sedimentation cylinder should be placed i
the hath between the 2- and S-min readings.

Not: 1 1—=The sumber of turns during this minuk
shoulkd be approximately 60, counting the Turn upsie
down and back as two turns. Any soil iemaining in ik
bortom of the cylinder during the first few turns should
be loosened by vigorous shaking of the cylinder whik
itis in the inverted position,

10.3 When it is desired (o take a hydromela
reading, carclully insert the hydrometer about 20
to 25 s before the reading is duc 1o approximately
the depth it will have when the reading is takea
As soun as the reading is taken, carclully semove
the hydrometer and place it with 3t spinning
motion in a graduate of clean distilled or demie
cralized water.
~ Nowe 12—h is important 10 remove the hydromewr
immediately afier cach reading. Readings shall be lakes
at the 1op of the meniscus formed by the suspensios

arowmd the stem, since it is nol possible 10 secur
seadings at the battom of the meniscus.

wd Al cach 1t
of the suspension by inserting the thermometer
iato the suspension.

e WKC Lo Lt

11, Sieve Analysis

1.1 After taking the final hydrometer read-
ing, transfer the suspension to a No. 200 (75-pm)
deve and wash with 1ap waler until the wash
water is clear. Transfer the material on the No.
200 sicve 10 a suitable container, dry in an oven
a0 230 £ 9 (110 1 5°0) and make a sieve
aalysis of the portion retained, using as many
sieves as desired, or required for the material, or
wpon the specitication of the materiad under test.

CALCULATIONS AND REPORT

11. Sieve Analysis Values for the Portion
Caarser than the No. 10 (2.00-mm) Sicve

12.1 Caleulite the percentage passing the No.
10 sicve by dividing the mass passing the No. 10
sieve by the mass of soil originally split on the
No. 10 sicve, and multiplying the resull by 100.

To obtain the mass passing the No. 10 sicve,
whtract the mass retained on the No. 10 sieve
from the original mass.

12.2 To secure the total mass of soil passing
the No. 4 (4.75-mm) sicve, add 1o the mass of
the material passing the No. 10 sicve the mass of
the fraction passing the No. 4 sicve and retained
on the Na. 10 sicve. To sccure the tal mass of
soil passing the Y-in. (9.5-mm) sicve, add to the
tolal mass of soil passing the No. 4 sieve, the
mass of the fraction passing the Y%-in. sicve and
wetained on the No. 4 sicve. For the remaining

sieves, conlinue the calculations in the samce
manncr.
. 123 To determine the total pescentage pass-
ing for cach sicve, divide the total mass passing
{scc 12.2) by the total mass of sample and wmul-
_ tiply the sesult by 100

13. 1iygroscopic Moistuse Correction Factor
13.1 The hydroscopic moisture correction fac-

tor is the fativ between the mass of the oven-

" dricd sample and the air-dry mass before drying.

. Iis a number less than one, exeepl when there
is no hygroscopic moisture.

'4 14. Percentages of Soil in Suspension

14.1 Caleulate the oven-dry miss of soil used
in the hydrometer analysis by mulliplying the
air-dry mass by the hygroscopic moisture corree-

or.

14.2 Calculate the miass ol a total sample rep-
resented by the mass of soil used in the hydrom-
cter test, by dividing the oven-dry mass used by
the pereentage passing the No. 10 (2.00-mm)
sicve, and mulliplying ihe result by 100, This
value is the weight IV in the equation for per-
centage remaining in suspension.

14.3 The pereentage of soil remaining in sus-
pension al the level at which the hydrometer s
measuring the density of the suspension may be
calculated as follows (Note 13): For hydromctcs
151k

li

P = [(100000/18) % GG = GONR — G)

Nowe 13—The bracketed portion of the cquation
for hydromcter 15411 is constant for a u:ric_s qf readings
and may be calcutated first and then multiplicd by the
portion in the parcntheses.

For hydrometer 15211
= (Ra/ W) x 100

where:

a = correction faction 10 be applied to the sead-
ing of hydrometer 15211, (Values shown on
the scale are computed using a specilic prav-
ity of 2.65. Correction factors are given in
Table 1), .

P = percentage of soil remaiaing in suspension
at the level at which the hydromeler mwa-
sures the density of the suspension,

R = hydrometer reading with tompuosite corree-
tion applicd (Scction 7),

11’ = oven-dry mass of suil in a total test sample
represented by mass of soil dispersed (see
14.2), &.

= specific gravity of Ihe soil particles, and

= specilic gravity of the liquid in which sl

particles are suspended. Use numecrical
value of on¢ in both instances in the cqua-
tion. In the first instance any possible vari-
ation produces no significant ellect, and in
the second instance, the composile corree-
tion for R is based on & value of one for (.

15. Diameter of Soil Pasticles

15.1 “[he diameter of a particle corresponding
to the pereentage indicated by a given hydrome-
ter reading shall be calculated according (o
Srokes' law (Note 14), on the basis that a panticle
of this diameter was at the surfice ol the suspen-
sion al the beginning of sedimentation and had
seltfed 10 the level at which the hiydrometer is
measuring the density of the suspension. Accond-
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Lawy:
= V980G~ GO % LJT

\
L0

wheie:

D = dameter of panticle, mm,

n = cocllicient of viscosity of the suspending
medinn {in this case water) in poises {varies
with changes in temperature of the sus-
pending medium),

= distance from the surface of the suspension
1o the Jevel at which the density of the
suspension is being measured, em. (For a
given hydrometer and sedimentition eyl
inder, villues vary according to the hydrom-
ctev readings. This distance is known as
cllective depth (Table 2)),

= interval of time from beginning of scdimen-
tation to the taking of the reading, min,

= specilie gravity of soil pacticles, and

= specific gravily (relative density) of sus-
pending medium (value may be used as
1.000 for all practical purposes).

Noi H—Since Stokes® law considers the terminal

vehocity of o single sphere falling in an infinity of liquid,

the sizes calculated represent the dismieter of spheres
that would fall at the same sule as the soil particles.

G
0

15.2 For convenience in calculavons the

above equittion may be written as follows:

D= AJLIT
where:
K = constant depending on the temperature of

the suspension and the specilic gravity ol
the soil particles. Values of & lor a range of
temperatures and specilfic gravities are given
in Table 3. The value of K does not change
for a series of readings constituling a (est,
while values o L and 7" do vary.

15.3 Values of D may be computed with sul-
ficient iccuracy, using an ordinary 10-in. slide
rule.

Nok: 15—~The value of L is divided by 7 using the
.1~ and #-scales, the square root being indicated on the
D-scale. Without ascentaining the value of the square
root it nry he multiplied by A, using cither the C- or
Cl-sale.

16. Sicve Analysis Values for Portion Finer than
No. 10 (2.00-mm) Sieve

16.1 Calculation of percentages passing the
various sieves used in sieving the portion of the
sample from the hydromeler test involves several
steps. The lirst step is o calculate the mass of the

120

on tl ' wd o
No. 0 sieve bic  not been removed. Fhis mag
is cqual 10 the ol pereentage retained on the
Na. 10 sieve (100 minus total percentage passing
tames the mass of the total sample represenid
by the mass of soil used (as calculated in 1Y
and the result divided by 100,

16.2 Calcolate next the total mass passing e
No. 200 sicve. Add together the fractional massy
retained on all the sieves, including the No. i
sieve, and subtriact this sum from the mass of e
total sample (as calculated in 14.2),

16.3 Calcolate next the total masses passieg
cach ol the other sieves, ina manner similar w
that given i 12.2,

16.4 Calculite last the total percentages pas
ing by dividing the 1otal mass passing (s cake

el

No1E 1o—"Tlis tabu s of graph represents the
padation of the sample tested. I partickes Larger than
those contained in the sample were removed helore
mting, the report shall so state giving the amount and
. makimum sise.

- e

18.2 For materials tested tor compliance with
 &finite specifications, the fractions called for in
wch specilications shall be reported. The frac-
"tons smaller than the No. 10 sieve shall be read
“from the graph.

' 18.3 Tor materials for which compliance with
efinite specilications is not indicated and when
;e soil is compased almost entirely of particles
‘passing the No. 4 (4.75-mm) sieve, the results
"read from the graph may be reported as {ollows:

:UI Gravel, passing 3-in. and retained on

SO Te S A AR %
luted in 16.3) by the total mass of sample (a3 No. 4 sieve
. . 5 . iN Sand, passing No. 4 sicve and re- o
calculated an 14.2), and multiply the result by ¢ wined on Na. 200 sieve
HO). P Coarse sand, passing No. 4 sicve o
7. Granl H and retained on No. 10 sieve . 777
- Leraph (b)Y Medium sand, passing No. 10
. 3 e o Y [/
17.1 When the hydrometer analysis is per ? ::":z and retained on No. 40 ... %
- {4
formed, a graph of the test sesults shall be made, {6} Fine sand, passing No. 40 sicve %
plotting the diameters of the particles on a loge- 38, and retained on No. X sieve 7777
rithmic scale as the abscissa and the percentags U) Silt size, 0.074 L OOS v L %

smaller U the corresponding dicmcters (o #
arithmetic scale as the ordinate. When the by
drometer analysis is nol made on a postion o
the soil, the preparation of the graph is optioad
since vilues may be secured directly from tabs
hted data,

H

-

I8. Report 1 '
18.1 The geport shall include the following |
18.1.0 Maximum size of particles, l
18.1.2 Percentage passing (or retained on) s

cach sieve, which may be tabulated or preseniod By

by plotting on a graph (Note 16), ‘

18.1.3 Description of sand and gravel pan
cles: )

18.1.3.1 Shape—rounded or angulas,

18.1.3.2 Hardness—hard and (Iurahlc.soﬂ
weathered and friable,

18.1.4 Specilic gravity, if unusually high
low,

1R. 1.5 Any difliculty in dlspusmglhc fractios
passing the No. 10 (2.00-mm) sicve, indicalig
any change in type and amount of dispcni1
agent, and

18.0.6 The dispersion device used and lk
length of the dispersion period.

o
%!

o
2

(¥4) Clay size, smaller than (0.005 mm
Collosds, smaller than G001 mm

IK.4 For matcnials for which compliance with
definite specilications is not indicated and when
the soil contiins material retained on the Na. 4
sieve sullicient to require a sieve analysis on tu
portion, the results may be reported as follows
(Note 17):

< Suve ANALYSIS

Percentage
Sicve Size Passing
3-in.
2-in.
Yr-imn.
I-n,
Ye-in.
Ya-in.
No. 4 (4.75-mm)
No. 10 (2.00-mm)
No. 40 (425-pum)
No. 200 (75-pm)

HIYOROMETER ANALYSIS

0.074 mm
G.OOS mm
oootmw

None 17—No. 8 {2.36-mm) and No. 50 (300-pm)
sicves may be substituted for No. 10 and No. 40 sicves.
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fAfhe. o Values oo coeclion . oo, o for o oot

Specific Gravities of Soil Purtickes?

Speailic Gravity Carsection Factor®

TANL wnting

H{ydrometes 152 1

TABLE ) Values of A dor Use In Fyuanon for Compuning Dinmccs vi farlicle o s pdiometae aoesysis

Hydromercr 151006

¢ Temperature,
“

Spnevific Gravity of Soil Pasticlkes

— Actual Actual : T — -
295 094 Actual Lilfective fiy- Eilec- iiy- £ ec- ?_ 245 2.50 2.53 2.60 2,63 20 278 2 80 25
e o Pl iocpu, 4o — drom- g (BT 001510 001505 OOI485 001457 001433 001414 001394 601374 001356
280 097 Reading "™ Read Lem  Read Lem Y 001511 00486 001462 001439  0034)7  DOIE 001316  DOI1IS6 DM
278 098 ing N ing N g 001492 001467 001443 001421 001399 001378 001359 001339 0012
2.70 0.99 PO 001474 001449 001425 001403 001382 001361 001342  0.1323 00108
26 1.00 L) 0 ‘ 2 001456 001431 001408 005386 001365 00134¢ 001325 OOIWT 001249
Lo 78 )
;;:2 :::; 1033 78 s 001438 001414 001391 001369 001348 001328 001309 001291 00427}
2.50 103 1034 73 f n 001421 001397 001374 001353 OOIII2 001312 0294 001276 0.M2sE
248 108 1.015 10 ] 001404  O0OGI38( COI35E 00137 GGINT  00INT  GOI2T9  00I266  UUI243
1.0)6 68 oo 001388 001365 001342  DOI321 001301 001282 001264 ODI246 OV
“Tor use in cquation fr p age of soil ining in 1037 65 . ‘.). 2 001372 001349 001327 001306 001286 0DI267 L0199 001232 002
suspension when using Hydiometer 15211, 1.0)8 6.2 b
! £ - - - ;{ 2 001357 0601334 001312 001291 0GO1272 041253 001235  OOI2(8  0OL200
I . Valus of effective depth ase calcutated fiom the cquam B 37 001342  00IN9 001297 001277 001258 001239 001220 001204 OONIEY
VABLE 2 Values of Effeciive lkrtl.ﬂ-sdn!lv‘:--ﬁ" Lottty ~ (P} ' n 001327 0014 00128} 001264 0OI24 001255 001208 00LI9Y 001178
sid Sedimentation Cylinder of Specificd Slees ’ N 00LM2 001290 001269 001249 001230 D022 00I1YS 00NTE 00062
Mydiometer 15138 Niydsometer 1521 whess: . ¥y o0 001298 001276 004256 00236 DUI2IY 001199 00182 OOUI6Y OOy
- 1. = cflclive deph, cmy, ,
Actual Actual 1, = distance along the stica of the hydiometer from the iy £
Acal oo e M- Eflee My Effec of the bulb to the mark for & hydsometer ceading. om, I -
Myshsom- '"c "y drom- tive deom- tive 1) = overall keagih of the hydrometes balb, om, ;
<t Loom St Depth, o cter  Doph, g = volume of hydroncies budh, cm’, and N .L_ P_._I__Q_Eq
Hewding N Read-  f.em  Read-  [L,cm A4 = cross-sechional arcs of scdimentation cylindes, cm? 1
L ing ng Valucs used in calculating the valucs in Table 2 are a3 follon B YA No. 18 8W Ga = 0.049"
1.000 16.3 P 16.) N 1.2 For luh hydrometers, 13351 und 15200; I /4
Loy 160 ! 6.0 » 1" 13 = 140cm .
[WLTH 158 2 160 3} ] 109 ts = 670 cm " Chrome Plaled
1003 153 3 158 Y 0.7 A = 218cm
1104 152 4 15.6 3 0.6 Vor hydsomerer 15008 i
1.U0$ 150 5 155 Lo = 103 con for a reading of 1000 2
= 2.3 cm for 8 tcading of 1031 ...
1006 17 6 153 36 0.4 Far hydeomerer 15200: S
1007 1.4 7 152 » 10.2 Ly o= 105 cm fofan:au'lin;ulouli_ue "
1008 142 s 150 38 101 = 2.3 cwm hor a scading of 30 g/litr: ~Punch .
1008 139 9 148 39 9.9 " 0.203" 10.00!
1.010 137 10 14.7 40 9.7 :
1011 134 " 145 a 9.6 Vo
1012 134 12 14.3 42 94 A (o) {b)
1013 129 5} 14.2 4 9.2 o R
1014 126 M 4o M 9.1 ) Muetric Equivalents
Lo13 12} 15 133 4 L34 in, 0001 0049 0200 W% %
& no om 1.24 5.16 12.7 1.0
L6 121 16 1.7 46 88
1017 ne 1 s 47 86 i v . R
LOI8 is s 133 p 84 : ':__ FIG, ' Detail uf Stirsing I'addics
1019 1.3 19 13.2 49 ) T
1.020 1o 20 130 50 A ;}1
1o 10.7 i} 12.9 st 7.9 l.}
1o ws 2 11 74 i
1.023 10.2 b} 128 3 76 R
1.024 100 p!] 124 7] 14
1028 9.7 25 122 33 7.3
*
1026 94 26 120 36 24 :
1.017 9.1 27 9 57 70
1028 39 b:] 1.7 58 6.8
1029 86 b1 1ns 59 66
84 30 114
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PROCEDURES FOR SAMPLE COLLECTION, PRESERVATION, ENUMERATION
AND IDENTIFICATION OF QAUATIC ORGANISMS

Prepared by
Peter G. Meier, Ph.D.
The University of Michigan
1.0 Phytoplankton are organisms of microscopic size that are incapable of sustained mobility

against a current. They are designated as the primary producers of lentic system. These
organisms will be collected with a 4-L Van Dorn water bottle. A composite over depth will be
made and poured in a 1 L brown polybottle. If the sample is not analyzed immediately, it will
be preserved with S mL of Lugols’ solution.

Phytoplankton collected from the sites will be analyzed qualitatively and quantitatively.
Part of the plankton sample will be removed and concentrated by centrifugation. After removal
of the supernatant, the pellicle (residue) will be mixed with some water into a slurry. From this
mixture replicate permanent diatom slides will be prepared using Hyrax as the mounting
medium. These slides will be scanned under medium (450x) and high power (1000x) and the
diatoms will be identified to the lowest possible taxa. Quantitative analysis for species
composition will be carried out on unconcentrated samples employing the Palmer-Moloney
nannoplankton cell. Two sub samples will be examined under 450x from each station. The data
that will be generated will be presented in tabular form which will list divisions, orders, genera
and species. Percentage composition of greens, bluegreens, diatoms and euglenoids will be

presented. Composition will be evaluated from the water quality perspective.




2.0 Zooplankton are small microscopic to macroscopic animals that are capable of moving
against a current. They are an important link in the food chain. Zooplankton may be divided
into micro and macrofiltrators. Besides this feeding classification, members of this community

have been employed as indicator organisms for categorizing the tropic status.

The zooplankton will be sampled with a #10 mesh (185 u) 0.5 M diameter net by making
vertical hauls. The length of the tow will be dependent upon station depth. The content of the
net will be washed down from the outside into a pint jar. Koechees solution (8% formalin-

saturated sugar solution) in equal volume to that in the jar will be added for preservation.

Zooplankton samples contained in a pint jar will be analyzed quantitatively for species
composition and concentration. Prior to any subsampling, the total volume of the liquid in the
jar will be determined. From the information on the label in the jar, the amount of water that
was filtered through the net will be calculated. From these two observations, the number of
liters per mL of sample can be determined. The quantitative analysis of the zooplankton
employs a dissecting scope (Baush and Lomb No. 7 Zoom), a Stempel pipette (volumetric 1 ml)
and a series of spot or depression plates. The pint jar is placed on a magnetic stirrer and
agitated with the stirring bar. While the mixing occurs, the Stempel pipette is used to obtain
a subsample of 1 mL and deposited into a depression plate. Employing distilled water and an
eye dropper, the 1 mL of sample is diluted to different depression areas to perit a population that
can be counted easily under magnification. The counting technique is carried out three times
on each zooplankton sample. The data generated is expressed in number of organisms per liter
of water and presented in tabular form using appropriate taxonomic categories. Part of the
zooplankton may be viewed under high magnification using a regular microscope to confirm

species designation. Qualitative comparisons will be made between stations.

3.0 Benthic macroinvertebrates will be collected in duplicate from each station with an Ekman
dredge. Contents of the sampler will be washed through a U.S. #30 mesh sieve and the retained
portion will be transferred to a pint jar and the contents will be preserved with 90% ethanol.



The contents of the pint jar is poured into white enamel pans from which all the
macroinvertebrates are handpicked and put in a small vial contained 70% ethanol. Using a
dissecting microscope, the majority of organisms will be identified to genus and possibly species
level. For their identification using up to 400x magnification, worms (Oligochaeta) will be
mounted in Ammons lactophenol. Midges (Chiromonidae-Diptera) will be cleared using 10%
KOH followed by 79% and 90% ethanol and then using Euparol Solution. Appropriate
references will be employed to carry out this task. The qualitative analysis of the benthic
organisms will be presented in tabular and graphic form. Organisms will be categorized in
classes, orders, families, genera and species where practical and expressed in number per square

meter.

4.0 Summary

In summary, it can be stated that an attempt will be made to use components of the
aquatic community in the evaluation of water quality. If severe impacts results from the
hazardous waste site on water quality than this should be reflected in the composition of aquatic

flora and fauna.

STLOUIS/appb.
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GENERAL DESCRIPTION

The YS$ Madel 33 S.C-T Meter s a portable, battery powered,
transistorized mstrument designed to accurately measuce salinity,
conductivity and temperatwe, 1t uses a probe consisting of a rugged,
plastic conductivity cel and a precision YSI thermistor temperatwe
sensor combined in a single prabe.

Conductivity in umhos/cm is the measuiement of electrical conduc-
tance a3 sample would have shown if measured between opposite
faces of a 1 cm cube. Salinity is the number of yrams of
salt/kilogram of sample (%e = parts per thousand). This measure-
ment assumes the sample contains a ‘‘standard” sea water salt
mixture. The sample temperature is measured in degrees Celsius,

Knowing temperature permits temperature cosvection of the conduc-
tivity and salinity measurements, Aisc, when just temperatute and
conductivity are known 1t is possible to calculate salinity, and when
only temperature and salinity are known it is possible 1o calculate
conductivity.

SPECAFICATIONS

Conductivity ’

Ranges: 0500, 05,000, 050000 umhos/
om with YS1 3300 Series Piobes.
{Note: The “umho” designations
on the instrument are a shorthand
form tor “umho/cm™ )

Accuracy: ¥ 25% max. eror at 500, 5,000
and 50,000 pius probe
* 3.0% max. error at 250, 2,500
and 25,000 plus probe
See Error Section

Readability:

Salinity
Ranyge:

Accuracy:

Readability:

Temperature
Range:
Accuracy:

Readability:

Power Supply

25 umhosfcm on 500 umho/cm
range
25 umhos/cm on 5000 umhoicm
range
250 umhos/cin on S0000 umho/cm
range

0-40 %o (parts per thousand) oves
temperature range -2 to +45°C.
Above 4°C, * 0.9 %o at 40 %0
and £ 0.7 %e at 20 %e plus
conductivity probe,

Below 4°C, *0.1 %hq at 40 %4
and + 09 %o at 20 %o plus
conductivity probe, See Error Sec-
tion.

0.2 %0 on 0-40 %q ranga

+50t0 -2°C
+ 0.1°C at -2°C, * 06°C at 45°C
plus probe.
See Error Section.
t 0.16°C at 2°C 10 + 0.37°C at
45°C

Two D size alkaline batteries, Ever-
eady E95 o equivalent, provide
approximately 200 tws. ot opera-
tion.

3
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Probe ¢S4 330C Series Conductivity/Tem-
jerature Probe

Nomina) Prabe Constant: K =5
Accuracy: Viax. emsor 2% of reading for

>onductivity and salinity,
Max. erter of +0.1°C for tempera-

ture.

Instrument

Ambient Aange: 3atisfactory operation -5 to +45°C.
A maximum evros of * 0.1% of the
reading per °C change in instrument
temperal we can occur. This error is
vegligible if the instrument is read-
justed to redline for each reading.

OPERATION PROCEDURE

1. Setup

{2) Adjust meter zero (if necessarv) by turning the bakekite
screw on the meter fac so that the mater needle concides
with the zero on the cenductivity {umhos/ cm) scale.

(b} Calibrate the meter by tuwrning the switch to redline arxi
adjusting the meter needie with the redline control to the
red line on the scale If this canot be accomplished,
replace the batieries.

{c) Plug the probe imto he probe jack on the side of the
instrurnent,

{d) Put the probe in the oiution b be measured (See Probe
Use).

2. Temperature

Set the switch to temperature. Read the temperature on the
bottom scale of the meter i1 degrees Celsius. Allow time for
the probe temperature to come to equilibrium with that of the
water before reading.

. Salimity

{a) Transfer the tempesatwe reading from Step 2 to the
temperature knob on the instrument,

(b} Switch ths iastrument to the SALINITY position and
read salinity on the red (-40 %o meter range.

{¢) Depress the CELL TEST button. The meter reading
should fall less than 2%; if greater, the probe is fouled and
the measwement is in error. Clean the probe and
re-measure,

. Conductance

(a) Switch the meter to thre X100 umhos/cm sange. 1f the
reading 15 below 50 on the D500 meter scale, swilch to
the next lower range {X10 umhosfcm). If the reading is
stilf befow 50, switch to the next lower range (X1
umhos/cm). Read the meter scale and multiply thit
reading by the range (X100, ewc) The answer is the
reading in umhos/cm.

Example: Meter Feading 247

Readinc X10
Answer 2470 umhos/cm
00247 mhos/cm
s

e temae s
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{b) When measuring on the X100 and X10 ranges, depress the
CELL TEST button. The meter reading should tall less
than 2%; if greater, the prohe is touled and the measure-
ment is in esror. Clean the probe and re-ineasure.

NOTE: The CELL TEST does not funchon on the X1 range.

8 Error

The maximum error in a rexling can Le calculated by using
the graphs in the following sections.

(1) Temperature

The tempesature scale is designed te give the minimum
salinity error whan the vemperature readings are used to
campensate salinity measurements.

Figure 1 shows totat error for probe and instrument versus °c
reading.

2
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Example: Reading
Ercar

Accuracy

(2) Conductivity

25°C

6°C

25°C + 0.6°C for probe
and instrcument combined

Figure 2 shows the worst case conductivity error as a
function of the conductivity reading for the probe and instiu-

ment combined.
1

~—

o .
» i 1 ) )
Q 00 20 E 40
o UMNHOL/CM « RANGE READING
Example: Reading 360 umhos/om

Range xX10
% Reading Ewor +45%
Accuracy 3600 & 162 umhos/cm

for piobe and insteument
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{3) Salinity

The salinity readings ate a tunction of temperature and
conductivity, therefore the accuracy is a function of both.
The temperatwe scale and temperature control have been
designed to mininize the temperature esror contribution to
the sakinity error. The esror shown in Figure 3 is the total of
the emperatwe and conductivity probe, the temperatuse
scale and the salinity scale ercors.

o}

F § avosac

t% et 4 b
READSIG
-
. ) 1 1 J
[ ] : ” » = [ ]
s /0 mEACING
Example: Reading 10 part/thousand, @ 10°C
% of
Reading
Ervor 6.5%

Accuracy 10 %o * 0.65 %o
for all enors, combaned
worst Case.
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CIRCUIT DESCRIPTION, MAINTENANCE AND CALIBRATION

1. Description

The circuit is composed of two parts, a multivibrator and switching
transistiors. The multivilwator produces a square waveform voltage.
The square wave is applied 10 two switching transistors, They
akernately apply two batteries of opposite polarity tv the probe
thus providing AC power which meinimizes polarization effects. The
meter is in series with one battery and measures the current trom it.
The current from the bartery is proportional to the conductanoe of
the cell. Salinity is measured in a special ranga conductivity circuit
which includes a customer-adjusted temgperature compensator. in the
temperatwie, redline and X1 positions the multivibrator operated at
100 Hz. In the salinity, X100 and X10 positions the awitivibrator
operates at 600 Hz and on these ranges pushing the CELL TEST
button crops the frequency to 100 Hz allowing the operator to
judge the degree of probe polarization.

2. Maintenance

The only maintenance required is battery replacement. Two “0°°
size alkaline flashlight cells, such as Eveready E95 or eyuivalent
batteries will provide 200 hws. of operation. Accuracy wilt not be
maintained if zinc-carbon “D” cells are used. Battery replacement is
indicated when the redline adjustment cawmot be accomplished.
Replace batteries avery six months to reduce the danger of corrosion
due to leaky batteries. To replace batteries, remove the six screws
from the bottom plate. The battery holders are color coded. The
Positive (+ button) end must go on red.

3. Cakibration

1t is possible fos the temperature knob to become loose or stip
from its pnormal position. In an emergency the dial can be
re-positioned. bt must be emphasized that ihis is an emergency
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procedire only, and that the instrument shoukl be returned to the
factowy for proper recalibration at the earliest opportunity.

(@) Read the temperature and conductance of the solution.
Determine the salinity of the solution by running a line
wertically on the graph from this conductance value until it
intersects the appropriate °C line (interpolate as required for
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10

temperatures between the given °C lines). From this intersec-
tion extend a lire horizontally to the edge of the graph. This
determines the salinity for this sample.

Example: 25000 uinhos and 20°C yives a salinity of 17,

(b} Rerrove the °C knob, switch 10 SALINITY, and turn the
controt shaft until the meter needle indicates the salinity
value determined in Step (al. In the example given, the value
s172.

{c) Switch 1o TEMPERATURE (Note: This tempersaturs reading
must be the same as Step ta); it not, begin again at Step (al.)
Place the knob on the control shaft {without turning the
controld shaft) wmth the knob pointer at the same temperature
as the metes sealing and tighten both set sciews secusely.

At earliest opportunity recalibrate using the following proceduse or
return the instrument 0 factory for service.
(a) Set the instrum:nt for a salinity measurement as normal.
(b) Substitute a Y000 uf capasitor and 112.7 ochm 0.1% tolerance
resistor for the probe.
Connect the resistor and capaciior between the green wire and red
wire on the jack cormections insice tha instrument.

O AAA %l
GREEN WIRE 112752 1ooo| uf
J%
RED WIRE
O—-
1"
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{c) Tuin the temperature dial until the meter reads rediine.
Now install the temgperature knob with the airow at 25°C. Thisis a
temporary calibration only. Return the instrument to the factory tor
proper recalibration.

PROBE
1. Description of YSI 3300 Series Conductivity/Temperatury Probe

The YS! 3300 Series Conductivity Probes are designed for fieldport-
ability embiodying construction and design for rugged, iccuwate
SEIViCe.

Each probe features a buillt-in cell constant of 5.00 £ 0.1, a precision
YSY thermistor temperaturs sensor of t 0.1°C accuracy, and a low
capacitance cable assembly terminating in a three terminal .25 dia.
phone type connector.

The 3310 has a 10 ft. cable and the 3311 is a 50 ft. version. Other
lengths ara available on special order.

The probe has a rigid P.V_C. body, platinized pure nickel electrodes,
and a chrome-viny) jacket cable, providing resistance to a wide range
of water-borne substances,

2. Naintshance
(a) Cleaning

When the cefl test indicates low readings the probable causz is dirty
elecurades. Hard water depaosits, oils and organic matter are the most
tikely contaminants,

For convenient normal cleaning soak the electrodes for S minutes
with a localty available battwoom tile cleaning preparation such as:
Dow Chemical “Bathroom Cleaner’’; Horizon Industries *“Rally, Tile,
Porcelain, and Chrome Cleaner”; Johnson Wax “Envy. Instant

12

Cleaner”’; or Lysol Brand “Basin, Tub, Tile Cleaner.”
For stranger cleaning a 5 minute soak in a solution made of 10 Jarts
distiled water, 10 parts isopropyl alcohol and 1 part HCU cin be
used.
Always rinse 1he probe after cleaning and betore storage.
CAUTION: Do not touch the electrodes inside the probe.
Platinum black is soft and can be scraped off.
i€ cleaning does not restors the probe pe-formance, re-platinizing is
sequired.
{b) Re-Platinizing
£quipment Requaed —
(1) YSL #3140 Platinizing Solution, 2 {l. oz. (3% Platinum
Chloride dissolved in .025% lead acetate solution ).
{2) YSIModel 33S-C-T Meter.
(3) 50 m1 glass beaker or equivalent bottle,
{4) Distidled water.
Procedure —
{1} Clean the probe as in Secuon (a) — either metho 4
{2) Place the cell in the beaker and add sufficieat sodution to
cover the electrodes. Do not cover the top of the probe.
(3} Plug tha probe into the Model 33, switch to the X100
range o platinize the electrode. Mowve the proha s ightly
10 obtain the highest meter veading and o Winue
platinizing for the approximate time shown below:

Meter Reading {wwhas) Time {minutss)

30.000 S

25,000 6

20,000 . 8

15,000 n

10,000 16
13
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(4) After th: elapsed time remove the prabe and rinse in
fresh water.

(5) Return the solution to its container. 2 oz. of solution
should be suiticient for 50 treatments.

3. Pyobe Use

{a) Obstructions near the probe can distuib readings. At least
two nches cf clearance must be allowed fromn non-metallic
wndeswater chjects. Metallic objects such as piers or weights
should be kept at least 6 inches from the probe.

(b} Weights are citached to the csble of the YSi 3310 andd 3311
Probes. The YSI 3327 Weights are supplied in pairs with a
total weight of 4 ounces per pair. Should it become necessary
to add mora we ght 10 avercome water currents, we suggest
limiting the wtaf weight to two pounds (8 pairs). For weights
in excess of two pouwnds use an independent suspension cable.
In either case, weights must be kept at least 6 inches away
trom the proae.

{c) Agitations

Gentle raising and lowering of the prabe several times during a
measurement insures flow of specimen solution through the probe
and improves the tine response of the temperature sensor.

4. CeM Calibration & Standard Solutions

The YSt #3300 Ser es Cells are caliorated to absolute accuracy of
1-1/2% based on a standard solution. Since the literature on
conductivity does not indicate a consistently accepted standandiza-
tion methods, we have chosen the 0i demal KCI solution method
#s determined by .ones and Bradshaw in 1937 as our standard.
Recent textbooks, &s w=ll as the ASTM standards, concur with this
choice.

The solution is prepared by diluting .745 grams of pure dry KC1
with distilled water until the solution is 1 kilogram. The table below

14

~—

shows the values of conductiviiy this solution wouid have if th2
distilled water were non-conductive. However, since even high purity
distilled water is slightly conductive, the measured conductivity will
be higher by an amount equal to the water’s conductivity.

Temperature 'C Canductivity {Absolute Micromhos/cm®)
15 11415
16 11675
17 1193.6
18 12189
19 1246.4
20 12730
21 1299.7
22 1326.6
23 13536
24 13808
25 1408.3
26 14365
27 1463.2
28 1490.9
29 1518.7
30 1%46.7

The operator may use the standard sotution and the table to check
accuracy of a cell’s constant or to determine an uaknown caastang.
The formula is shown below: :

K=R(, *C;)
108
Cell Constant
measured resistance in chms
conductivity in abisolute micromhos
oconductivity in absolute micromhos of
the distilled water used in making salution

15

where:

OCIR
N -
[ T U
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R, C, and C, must either be determined at the same temperature or
corrected to the same temperat sre to make the eguation valid.

Note: For furth:r information 0a conductivity and the above
standard informasion, refer 10 ASTM Standards Part 23 — Standard
Methods of Test for Electsical Conductivity, or Water and Industrial
Was-e Water — ASTM Designation D1125-64.

¥SI MODEL, 33 USED WITH ¥S) S1A or 54 OXYGEN METER

If the Model 33 salinty measurement is to be used for salinity
cosrection on e S1A, #h: reading should be converted to
Chiorosity. The fermula is:

.. 0,
. y 4

PPMChiorasity o Salinit ‘/o; -0.03 x 10°
For these instruments the 0J3 can be neglecied so the equation
smplifies to:

PPMCI =_S %o x 10°
18 27 % $%e

+——

{
19000 15008 20800 PPMCL

o—r—-ﬁ
i =

REPAIR FACILITIES

i you are expe-iencing dfficulty with a YS) product, it may be
returned to the St Customes Sevvice Deparntment for repair, even if
the guarantee has expired. TSI maintains complete facilities for
prampt servicing of all YSI preducts.

16

GUARANTEE

The Model 33 S-C-T Meter cairies a one year uroonditional
guarantee on all warkmanship anc components. Damage
tiwough accident, misuss, or tamper ng will be ryaired at a
nominat chargs when the instrument is returned © owr plant,
Celis ave similarly guaranteed.

fNote: (n communications regarding this instrument, please
mention model number and serial nu nber.
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INSTRUCTIONS FOR YSI MODEL 57 OXYGEN METER

OUTLINE OF OPERATION
{For detailed description see — Setup for Operation)

1. With the instrument OFF chack mechanical ZERO.

2. Switch instrument %o RED LINE and adjust meter to red line.

3. Prepare the oxysen probe for use, connect to instrumemt and
wait 15 minutes for probe to polarize.

4. Switch to ZERO and adjust 10 zero position.

S. Place probe in calibration medium.

6. Adjust SALINITY control 10 zero0.

7. Switch 10 TEMPERATURE and read tempet ature when meter is
steady.

8. Switch to desired dissolved oxygen range, 0-5, 0-10 or 0-20 and
with the CALIBRATE control adjust meter to the correct
calilwation value. {See TABLES | & 11)

9. Place probe in sample solution, allow it 1o come to temperature
and stir.

10. Adjust salinity control, if necessary.

11. Read dissolved oxygen while stisting sample.

12. We recommend instrument be left on between measurements to
avoid necessity for repolarizing probe.

13 Repeat 9, 10, & 11 for subsequent measurements.
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JENERAL DESCRIPTION —

The YSI Model 57 Oissolved Oxyuyen Meter is an instrument for
he measurement of oxygen dissolved in fresh water or sea water.
“he instruiment indicates dissolved oxygen in parts per million on
wvie of three ranges, 05, 0-10 or 0-20 ppm. All ranges are
utomatically temperature compensated and manually salinity com-
ensated. The probe uses a8 Clark-type membrane covered polaro-
sraphic sensing element. Two precision thermistass are built into the
€nsor to sense and compensate for temperature changes.

The Model 57, designed for tield operation, has a durable
«asketed case, metal meter cover, shatt-sealed controls, and water
Jght electrical connectors.

SECIFICATIONS

Sxygen Measurement

Banges: 0-20, 0-10, 0-5 ppm

ACCUracy: 1% or 0.1 ppm (whichever is larger)
Readabikity: 0.5% of range

“emperatuse Reading
Range: 5° 10 +45°C

AD0CUFaCY: 105°C plus probe, which is 20.1°C

Readability : 0.3°C

“emperature 1% of D.O. reading for measurements made
Compensation within $5°C of calibration tempesature.

+3% of D.0. reading for fresh water measure-
ments when temperature varies from cakbration
temperature over the entire 5° 10 +45°C span,

2

e bt e dkiem s Wi L.t

R —

Salinity Comipensation

Range:
Accuracy:
Settability:

Oxygen Probe

0 — 4 ppt
+2 5% of [0 reading for 40 ppt change
1 ppt

Accuracy: included in abve ssatzments.

System Response
Time

Operating
Temporature Range

Recorder Output:

Power Supply:

Typial response for temperature and DO read-
ngs i 9% in 10 sec. DO sesponse at low
temparature and low DO is typically 90% in 30
sec. The V5 5937 High Sensitivity Membrane
can j tsi to imprcve response 8t low
tempeature and low DO concentration. i total
sespoise <iTe under any operating conditions
exceats two minutes, prooe service is indicated.

Instrument aperating range -5° to +45°C. Lasge
ambient t:mperature changes will result in 2%
foss of ac:umacy unless Fed Line and Zero are
re-set.

125 AV, =11 mV. Recerdes requires 50,000
ohmsiapLt impedance.

The Madd 57 is powerxd by two disposable
“C" aze >mbon zinc batteries, providing ap-
proxinatey 1000 hour operation.

3
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Accessories
5718 Oxygen Temperatuwre Probe with 10’ lead for field use.

6719 Oxygen Temperatuwre Probe with 50° lead and pressure
compensating system for field use. Longer leads can be provided.

5034 Service Kit contains KCI, memiwanes and other material for
servicing probes. :

5852 Carrying Case ot plastic and aluminum for carrying instrument,
probes and accessories.

6791 Submersible Siirer automatically sties the sample when
measwring in large containers or bodies of water.

N B;nuv and Charger Pack power supply for the submersible
stirrer.

§734 Adaptor makes it possible to use YSI 5400 Series Probes with
the YSI Model 57 Dissotved Oxygen Meter.

8937 High Sensitivity Membrane improves response when working at
low ternperatures and wuh low DO concentrations.

5075 Calibration Chamber heips obtain maximum accuracy when air
calibeating in the field.

- -

'

OPERATING PROCEDURE
t Psobe Preparation

Al YSI 5700 Series Oxygen Probes have similar seasors and
should be cared lor in the same manner. They are precision devices
relying on good treatment if high accuracy measurements are 1o be
obtained.

The YSI 5034 Service Kit contains the necessary matersal, except
for distilled water, to put the system in operation. The procedure for
preparing the probe is as follows:

1. Add distitted water to the KC) crystals to fill the bottle. Dissolve

"~ the crystals completely. :

Transfer a part of the KCl solution to the syedropper bottle.

Remove the sensor guard from the probe.

Remove the 0" ring and old membrane.

Inspect the cathode sutface and central anode well of the seasor

for saft crystals or foreign matter. Flush the probe with KC)

solution or distilled water to clean.

6. Lift a membwrane from the memhiana pack and place it in easy
reach.

7. To fill the probe and install the new membrane, follow Steps A

through F, reterring to the drawings in Figure 1.

A) Grasp tiweaded end of probe between thumb and forefinger.
Secwe one end of membrane under thumb. tUse eyedropper
to fill central well of probe with KCl solution.

The pressure compensating tube of the 5719 probe must
be completely full with solution. This is best done by slipping
the piece of plastic tubing supplied with the probe over the
erxi of the probe and filling it to the top with solution. Pump
the tube with a flat object, such as a match book cover or
credit card, until all bubbles are worked out and the tube is

O BN
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full. Remove the large tube —
When tinished with filling the probe, a large meniscus of
solution should complistely cover the gold cathade.

B) With thumb and forefinger of your othar harul, grasp the fiee
end of the membrane,

C) Using a continuows wotios stretch the membrane up, over,
and down the other ade of the sensor. Suetching forms the
membrane to the contur cf the prabe.

D) Secure the end of tha mershrana unider the forefinger of the
hand holiding the groke.

E)} Roll the 0O’ ring ove thaend of the probe. There should be
no wrinkles or Teapped iir bubbles in the probe. Some
wrinkles may be removed by tugging on the sides of the
membrane beyond the “0" ring.

F} Tzim off excess m2mbrang with scissoss or a sharp knite. The
stainless steel temperitwre sensor should not ke covered by
excess membrans.

8. After installing the rew membrane, shake off excess KCl and

reinstall the sensor guerd.

NOTES: 1) Tho probe is sipplied with a weight attached to the

cable. Should it become necessary to add more weight we
suggest limiting the totzl weight to 2 pounds. For weights
in excess of two pouwds, a separate suspension cable
should be used.

2) The small p ast ¢ bortle, YSI #5033, in the Service Kit
is convenient for sioring probes. Place a small, moist towel
or sponge in th: bottle and slip the end of the probe inside
the bottle. The moisture will prevent the probe from
drying out.

3} YS15718 and E719 Probes use the YSI #110, 3/8° 1.D.
X 9/16” O.D. ¥ 3/32 wall, 0" ring.

6
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It Sesup for Opavation

1.

2.

Attach the prepared probe to the PROBE connector of tha
instrument and tuin the retaining sing finger tight.

Mace the instrument in the iatended operating position -
vertical, tilted, or on its back — with the instrument OFF. Adjuit
the meter pointer to zero with the black screw in the center of
the meter panel. Readjustment may be necessary when the

instrument position is changed.

. Switch 10 RED LINE ‘and adjust the RED LWNE knob until the

meter needle aligns with the red mark at the 31°C position.

. Before catitwating allow 16 or 20 minutes for the probs

polarize. Repolarize whenever the instrument has been OFF or
the probe has been disconnected.

7




3. Detesmine local altitude or the “rue” awmospheric pressure
inote that “yue” atmospheric peessuie IS as vead on 2
mercury barometer. Weather Bussau reporting of atmosphesic
pressure is corrected 1o sea level). From TABLE 1} determine

it Calibration Procodures

The opesator has a choice of three calibration procedures. These
include Winkler titration as a reference, using satuwraied waldr as a

o reference, or using a yas with known oxygen coment, such 25 air, as
a a reference. Experience has shown that aw calibration s quite the cosrection factor far your pressure o altitude.
reliable and far simpler than the other techniques. 4. Multiply the ppm value trom TABLE ) by the correction
A. Winkler Tiration factor from TABLE Ml to determine the corrected calibration ,
1. Draw a volume of water from a common sowce and divide value for your conditions.
into four samples. Determine the oxygen in thiee szmples . Example: . )
using the Winkler titration technique and average the thwee Assume temperature = 21 C and altitude =:000 feet
values. ¥ one of the values differs fron the other tvo by From TABLE | the calibration vatue for 21°C is 9.0 ppm
more than 0.5 ppm, discard that valie an) average the From TABLE I} the correction factor for 3000 f1_ is about
- remaining two. 096
Y _ Place the oxygen probe in the fourty samdle and begin The comrected calibration vale is 9.0 ppm X 096 = 8.6
P stirring. ppm.
© . Set the SALINATY control 1o zeie or the appropriate slinity 5. Switch to an appropriate ppm range, set the SALINITY knob
™ value of the sample. to zero and adjust the CALIBRATE knob while stirring until
o . Adjust the CALIBRAT.ON cortrol © the avesage value the metes reads the corrected catibration value from Step 4.
S determined in Step 1. ANow tre piole 10 remain in the Leave the probe in the sample for two minutes to verify
= sample for at least two minutes befors setting the ca ibration calibtation stability. Readjust if necessary.
= value, and leave in the sampie for an acditiond two minutes
e to verify calibwation stability. Readjust it neces:ary. .
C. Air Calibration
1. Ptace the probe in moist air by wrapping toosely in a damp
. cloth, wking care that the cloth does not touch “the
B ot W ot wat g Fombrane. If the YS| 5075 Calibration Chamber is available,
east )smmmaamaﬁ;;'c:r‘::“" or stisring for at refer Vv Catibration Chanhet Wait approximately 10 ;
- 2 Ploce the probe in the i o 'e_'z‘“"“_"f’ém minutes for temperature stabilization. :
5 JURE. Refer to TABLE :"'a"""’m ptpie ERA- . Switch 1o TEMPERATURE and read. Refer to TABLE | - ;
& this temperature pem carrespo Wing o Solubility of Oxygen in Water, and determine calibration |
. . value.
=.. 8 0 :
= = . y
=
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3. Determine altitude or atmospheric ccrrection "actor fiom
TABLE It

4. Vultiply whe calibration value from TABLE | by the
carrection factor from TABLE 1)

Sxarmgple:
Assume temperature = 21°C and altitude = 1000 feet.,
From TA3LE ( the calibration value fcr 21°C is 1.0 ppm
From TABLE 1l the correction factor for 1000 ft. is about
(.96
Therefore, the corrected calibwation value is 9.0 Jpm X 0.96
= 8.6 ppm.

6. Switch to the appropriate ppm range, set the SALINITY
kaob to zero and adjust the CALIBFATE kndb until the
meter reads the corrected calibration vdue fromn Step 4. Wait
two minutes to verily calibration stability. eadjust if
necessary.

The psobe is now calibrated and should hold this calib ation value
for many measurements. Calibration can be distwbedl ry physical
shock, tcuching the membranz or drying out of the electrolyte.
Check «ca ibration after each series of measurements and n time you
will develop a realistic schedule for recalibration. For jest resuits
when nol i use, store the probe in the plastic bottle previded with
the Service Kit to nelp prevent she electrolyte f 'om dryin) out.

IV Dissclved Oxygen Measurersent

1. Plzce the calibrated and polarized prabe in the water and
switch the STIRRER knob ON. Allow shout 30 ;econds for
the probe to come to equilibrium with the water (f the YSI
5737 Submersible Stirer is not used, provide masual stisring
Ly raising and lowering the probe about 1 ft. pes second. It
the YSI B075 Calibration Chainber is used, the entire

10

chamber may be waved thwough the water at 2-3 fi. per
second. i

2. Adjust the SALINITY knob to the salinity of the sample.

3. Switch to the appropriate ppm range and read GO directly.

V Catibration Chamber (Figure 2)

The 6076 Calibration Chamber helps obtain maximum accuvacy
when air calibrating in the field and is also a usetul tool when
measuring in shallow water. It consists of a 4-1/2 {t. stainless steel
tube (1) attached to the calibration chamber (5} aad the smeasuring
ring (7). For calibration insert the sold rubber stopper {6} wto the
bottom of the calibration chasnber (). Push the probe (4) throuyh
the hollow rubber stoppes (3) as shown in Detait A. For maximum
accuracy wet the inside of the calibration chamber {S) with fresh
water. This oreates a 100% relative humidity eanvirorment for
calibration. Insert the probe-stopper assembly in the top of the
catibration chamber .

During calibration hold the cabibration chanber under water and
calibrate as described v the Air Calibration procedure. Keep the
handle ahiove the water at all times, After calibration the chamber
can be used as a measuring aid by removing tie probe-stopper
assembly from the calibration chamber (5) and placing it in
measuring ring (7). {See Detail C). Slowly stir the water with the
wand when measuring.

Vt Submersible Stisrer and Power Supply

The YSI 5791 Submersible Stivrer automatically sties the sample
when measuring in large containers or bodies of water, and is
particularly useful for short term monitoring. Either the YSI 5718
or 5719 Oxygen Temperature Probe is screwed into the top af the
sturer and the assembly lowered into the sample. {See Figure 3)
Standard lead length is 50°, but leads to 250° can be provided.

¢
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Vil Calibration Tables 1 & I}
TABLE | — Solubility of Oxygen in Fresh Water
This table shows the amount of oxygen in ppm that is dissolved

in air saturatad fresh water at sea level (or 760 mmHg atmaspheric
pressure} as temperature varies from 0° to 45°C.

Tompesature PPM Dissolved
o

c Oxygen
0 14.6
1 14.2
2 139
3 135
4 13.1
5 128
6 125
7 12.2
8 119
9 116
10 1.3
n 1.0
12 108
13 106
14 10.4
15 10.2
16 8.9
17 9.7
18 9.5
.19 9.4
20 ' 9.2
21 9.0
22 88

14

Temperasure PPM Dissolved

c Oxygen
23 a7
23 85
Y] 8.4
26 8.2
27 8.1
28 79
29 78
30 17
Nn 19
32 7.4
3 73
34 7.2
35 7.4
36 7.0
37 6.8
38 6.7
39 66
40 6.5
4 6.4
42 6.3
43 6.2
44 6.1
45 6.0

TABLE Il — Corsection Factor

This 1able shows the comrection factor that should be used to
cornect the calibration value for the eftects of atmospheric pressure
or alttude. Find true atmospheric pressure in the left hand column
and reac across to the right hand column to determine the
correction factor. {Note that “‘true’ attcspheric pressure is as read
on a barometer. Weather Bureau reporting of atmospheric pressure is
aoerected to sea fevel ) (f atmospheric pressure is unknown, the tocal
atitude may be substituted. Select the altitude in the center column
and read across to the right hand column for the conection factor.

Awmaspheric Pressure o Equivalent Altitude _  Cowsection
mmHg Ft. Factor
118 540 1.02
760 [ 1] 1.00
745 542 .98
730 1094 96
714 1688 .94
699 2274 .92
694 2864 .90
669 M66 88
654 4082 86 .
638 4756 B84
623 5403 .82
608 6065 .BO
593 6744 .78
578 7440 .76
562 8204 74
547 8939 72
532 9694 70
517 10472 .68
502 11273 .66
15
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DISCUSSION OF MEASUREMENT ERRORS

There are thsee basic types ol errors which can occur. Type 4
ervors are related to lanitations of the instrument design and
tolerances of the instrument components. These are chiefly the
meter hnearity and resistor 1olerances. Type Il eors ave due o
basic probe accuracy tolerances, chiefly background signal, probe
lineasity, and variauons in membrane temperature coelticient. Tyae
It errars are related to the operator’s ahility to determine the
conditivns at the time of calibeation. Wt calibration is peiformed
against move accurately knowan conditions, Type 11l errors are
appropriately reduced.
tndividual Sources of Ervor

This description of sources of error can be used to attach a
confidence to any particular reading of dissolved oxyygen. The
pasticulas example given is for @ near extieme set of conditions. As 3
genesality, overall ervor is diminished when the probe and nstu-
ment are calibrated under conditions of temperature and dissobred
oxygen which closely match the sampfte temperature and dissoled
oxygen.

Type |

A — is the error due to the meter finearity.
Etror = 11% of full scale of the measurement range.

B — is the error due to tolerances in the instrument when
wransferring a reading from one range o another.
Error = 1% of the meter reading it the reading is taken en 2
range one sange away from the catitwation range.
Eror = £2% of the meter reading if the reading is taken ona
range two ranges away from the calibration range.

C — is the emvor due to the design and components of the
instrument salinity compensation ciccuit.

16

sample salinity ppt

Error = 12 5% of the meter reading X S
40 ppt salinity

Type Ul
A -- eirors are due 1o probe background current.

Enar =0.5% (1 — met.er reading ppm ) X calib, value.
Calib. value
B — errors are due to the probe non-linearity
Esrov = 20.3% of reading.
C — error is caused by variability in the probe membrane tempera-

ture coefficient.
Esror = zero if readings are taken at the calibration tempera-
ture.

Error = $1% of meter reading if readings are taken with 5°C of
the calibration temperature.
Error = £3% of meter rezding all other conditions.

Type I
A — erross are due 10 the accuracy of the instrument thermometer

when used tu measure the exact probe temperature during
calibration.
Error = ¥1.5% of readina.

B — errors are due 10 the assumption of mear, barometric pressure.
Daily variation is usually less than 1.7%

Esror = 11.7% of reading.

C — errors are included assuming an ability to estimate altitude to
within 500 ft. when computing the altitude correction factor.
Error = £1.8% of reading.

D — erors consider the possibility of only 50% relative humidity
when calibrating the probe. if the actual relative humidity is
50% instead of 100% the errors will be as foMows:

17
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S Error in percent of reading Considering a statistical treatment of the probable error at any
Cabbration Tesperature 1C 03 time for any instrument, it is likely that the actual error in any
0 t) 0.6 meauwement will be abocurt 1/2 ot the possible error. In this case, the
10 ::‘ "5 probable error is ahout +.26 ppm out ot a reading of 4.5 ppm or
20 ()2.11 5.8% of the reading.
30 ¥
40 . 11360 SYSTEM MAINTENANCE
- Calaulation
Example of a Tygical Esror Probe _

The example given presumes the air calibration t.ectum._u
catibration is done with air saturated water, the rglaxwg humidity
consideration (111-D) is efiminated. 1f the Winkler calibration method'
is used, Type Il ervors ave delated and rgplaf:ed by the uncertainty
attributable to the overall Winkler determination.

Daia: Instrument catitwated at 25°C, ulevation estimated at 2000
ft., 2500 feet, normal barometric presswe presuned, cal-

ibrated on the 0-10 ppm scale 1o 7.8 ppo. .
Readings 1aken on the 0-5 ppm range at 4.5 ppm, tempera

wae 20°C, Salinity of 20 ppt.

Type Dsecription Calculations Eno;:n
1A Linearity = 01 n 4.5 ppmw -oqs

Rangs change ’ e Qix4Sppm R
o 4.5 ppm X m 066
Ic Salinity = 025 4.5pp Pt

45

Probe ound = ndicl. '.__) 7.0 ppm 06
HA Backges: 006 x (1 ) n "
uB Prb. Lineusity = 0035 4.5ppm .o‘s
iic Tomp Comp. = 01 x4.5 ppew .m
A Tomp. Measwre - 015 x 4.5 ppen -o'ls
(11]:} Pressure = 017 x 4.5 ppm .w‘
mc Altitude - 018 x 4.5 ppw -072
mo |4 - 16 x 4.5 ppn .513

’ Maxisausn possible syror = i ppm
Prabeble Ervor $.299

18

After several hundred hours of operation the oxygen probe will
develop a smudge Jike deposit on the transparent surface neas the
gold cathode. The smuxige should be removed by wiping with a clean
towel or lab wipe. Flush the probe with KC}. or distilled water and
apply a new membrane. . .

if the probe has dried out sufficiently for crystals of electrolyte
to form under the membrane, these should be flushed out. and the
membrane should be replaced. . .

Bubbles in general are not a problem, however, if a {arge bubble
forms inside the membrane, the membrane should be replaced.

If evratic operation is cbserved or a calibration is not stable, the
membrane should be replaced. '

If holes or wrinkles are observed in the membrane, it should be
replaced.

Some other gases such as SO, halogens and H2S react in the
oxygen cell and poison the ceil. Poisoning is evidenced by
discoloration of the goid. The tarnish is removable by vigorous
wiping with a soft cloth or lab wipe. {f these efforts are unsuccessful,
the probe should be returned to the YSI Service Department for
refinishing. Attempts to refinish the cathode surface without special
equipiment may impair the probae stability.

if the cell has been operated for some time with a loose of

19
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wiinkded membrane, the gold cathode may beocome plat:d with
silver. In this event, cathode sefinishing is required and the probe
shoutd be returned to the YSI Service Department.

Instrument Case

The instrument case is water resistant when properly closed. As a
precaution against damaged gaskets or loose fittings, the intrument
case should be opened and inspected for moisture whenever the
instrtument has been subjected to immersion or heavy spray. The
instrusment case is opened by removing the four screws on the vear
cover and lifting the cover off.

instrument Battories

The instsument batteries are two *“C'" size carbon-zinc cells
focated inside the instrument at the end opposite the meter. These
should be replaced when the RED LINE koob is at its extreme
adjustment Of at least annually. The amount of remaining adjust-
ment is an indication of the battery condition. The batieries are
replaced by removing the four screws on the rear cover of the
instrument  and removing the two batteries at the end aof the
instrument opposite the meter. When instal ling the new batteries the
plus (+) end fits into the red washes of the battery holder. (See

Figure 4.)

Submersible Stirrer Batteries

The stirrer batteries are installed by remaving the instrument sear
cover and installing the batteries in the five holders at the meter end
of the instrument. The Plus {+] end of each battery fits into the red
cup end of the battery holder. Exercise care to prevent iccidental
shorting of the batteries. As shipped, the batteries are charged and
propes installation can be checked by switching the STIRRER knob
to the BATT CHECK position. The meter should display a least 6.0

20

volts on the red 0-10 ppm scale. 1f there is no indication, the
batieries should be checked lor proper contact in their holders. (¢
the reading is {cw, one battery may be reversed or one or all cells
may require recharging. Plugging in the charger should immediately
ring the meter reading 10 6.0 volts or more if all cells are properly
instalied. (See Figure 4.}

The rechargeible batteries should have a service life of 500 to
1000 recharge oycles depending on varisbles of individual batteries
and the conditicns of charging and discharging. If the batteries wit
oot hold a charje above 6.4 volts, one or ail batteries may requwe
replacement. The norma) technigue for locating a defective battery
is 10 fully charg: them and check the voltage of each hattery with a
voltmeter while operating the Submersible Stirrer. If an individual
bottery is gene-ating less than 1.2 wolts, it should be replaced.
Batteries should be replaced in sets or with exact replacement types.
Mixing different manufacture batteries can shorten the life of the
set.

tf any battery shows signs of leakage, it should be replaced.

| "1@"_@;1

QISPOSABLE RECHARGEABLE NICKEL CADMIUM SUBMERSBLE
CARBON ZINC STIRRER BATTERIES
INSTRUMENT
BAFVTERIES
Figuse 4
2t
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REPAIR AND REPLACEMENT PARTS

I you enperience difficulty with a YS| producs, it may be
retuined to the YS) Customer Service Department for repair, even if
the Guararee has expied. YS! maintains complete calibration and
repar facilities for prompt servicing of all YS! products Repair parts
aiso are available from the YSi Customer Service Department or
from your focal YSI Dealer.

Yellow Springs Instrument Co., inc.
Custamer Service Department

P.0. Box 279

Yellow Springs, Ohio 45387, U.S.A.

22

GUARANTEE

The YS! Model 57 Dissolval Oxygen Meter, and all YSI oxygen
probes and accessories design:d for use with this insttument, are
guaranteed for one year aqinst defects n workmanship and
components. Damage thwough accident, misuse, or tampering will be
repaiwed at a nominal charge, if possibie, when the instrument is
retwrned to the factory.

in communications regarding this instrument, please mention
moadel and serial number.

23
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&< ""@. UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

; A2 % REGION 5
N 230 SOUTH DEARBORN STREET
" _,,4’ CHICAGO, IL 60604

REPLY TO THE ATTENTION OF:

5HS-11
September 11, 1991

Mr. Kevin K. Wolka, P.E., Ph.D.
Geraghty & Miller, Inc.

50 W. Big Beaver Road

Troy, Michigan 48084

Dear Mr. Wolka:

Attached are the Standard Operating Procedures (SOPs) that are a
part of the Quality Assurance Project Plan Addendum (QAPP Addendum)
for the Ecological Assessment/Inventory Workplan for the Hi-Mill
Manufacturing site, Highland, MI. The U.S. EPA has made
corrections and gives approval on the corrected versions only.
Please inform ENSECO laboratories that they are required to use the

U.S. EPA corrected SOPs for the analyses. No changes are required
for the SOP for Total, Fixed and Volatile Solids.

Please inform ENSECO that, with regard to comment 2b (referring to
Section 10.2.1), they should try to achieve "90-110%" accuracy and
"5 prec151on as shown in the QAPP correctlons. ﬂggggg;*_;z_;hg
lab is unable to achieve the re ed accurac recision, t
U.S. E must be informed as soon a ossi .

Final approval of the entire Ecological Inventory/Assessment
Workplan will be given as soon as we receive and review your
responses to the comments dated September 5, 1991, and the
replacement pages showing the change in 1laboratories. The
responses will then be included as an addendum to the workplan and
the replacement pages inserted before it is approved.

If you have any questions, please feel free to contact me at (312)
886-5991.

Sincerely,

:—-—-’{(

7 7 - f‘/v'vm\—
Karla L. Joh son

medial Project Manager

cc: Steve Ellingson, Geraghty & Miller

&R Printed on Recycied Paper
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0“\‘0‘%“‘.’, UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

- 2 REGION 5

5 230 SOUTH DEARBORN ST.

%, «® CHICAGO, ILLINOIS 60604

4L PR01€ REPLY TOTHE AITENTION OF

SSMQA

MEMORANDUM

mre:  SEP 11 1391

SUBRJECT: Approval of the PRP-Lead Quality Assurance Project Plan (QAPjP)
Addendum for the Ecological Assessment Activity at the Hi-Mill

Manufacturing Smyﬂiw} M?an

FROM: Valerie J. Jones <7 7. g@/
Regional Quality Assun.r?’ Manag/gr //

7

170: John Kelley, Acting Chief
Remedial and Enforcement Response Branch (SHS)

ATTENTION: Karla Johnson, Remedial Project Manager

I am providing approval of the subject PRP-Lead QAPJP addendum for the
ecological assessment at the Hi-Mill Manufacturing site in Highland, Michigan.
This approval is provided after we reviewed the SOPs, which were received by
the Quality Assurance Section (QAS) on September 5, 1991 (QAS Log-In No. 1594).

Please note that, to facilitate the approval of this subject QAPjP, the
following chnages, which were agreed during the September 10, 1991 conference
call between QAS, WMD, Gerachty & Miller, and ENSECO laboratory representatives,
was made by QAS staff:

1. In Section 8.1.8 of the QAPjP, the last sentence of the first paragraph
was revised to read, "The results of chemical analysis of the sediment
samples will be used to provided additional qualitative information on
the levels and extent of inorganic contamination in target pond anly."

2. SOP for the Determination of Total Organic Carbon (TOC) in Soil

a. In Section 9.3, a statement, "Immediately, a separate aliquot
(0.5 - 1.0 g) will be weighed into a preweighed crucible.
Record the weight, and dry the sample in oven at 105°C until
constant weight is obtained. Calculate the percent soild."
is added.

b. In Section 10.2.1, the accuracy and precision are changed
from "85-115%" and "20%" to "90-110%" and "S%" respectively.



-2 -

c. In Section 10.2.2, the control limit for standard checks was
changed fram "10%" to "S5%",

d. In Section 11 (calculations), the equation was revised as
follows:
0.04 g
mg/Kg C = : x Instrument Reading (mg/Kg)
Sample Weight _(g)

vhere: Sample weight (g) = Actual Sample weight (g) x $Solid

e. Section 12.1 was revised to read, "Reporting units are mg/Kg
on dry weight basis".

3. SOP for Measurement of pH in Soil

a. In Section 1.5 (Analysis Time), the description was revised
to read, "Preparation time is about 30 mimtes. Approximate
analytical time is 5 mimites per sample."

" b. In Section 5.2, the second sentence was revised to read,
"Samples, however, must be analyzed within one hour of mixing
with deionized water or calcium chloride solution.”

c. Section 8.1.1 was revised to read, "Weigh 20 g sample into a
100 ml beaker and add 40 ml deionized water. Mix with constant
stirring with a magnet stirrer for 30 minutes."

d. Section 8.1.2 and 8.2.2 were revised to read, "Immediately,
the pH of the sample will be measured by inserting the
electrode into the resulting paste as given in Section 8.3.2."

e. Section 8.3.2 was revised to read, "Insert the electrode into
the resulting paste under stirring.®

A copy of these revised pages is attached to this memo for your use, and
they should be incorporated in the QAPJP and SOPs.

The original signature page is included. Please have the Remedial Project
Manager provide final sign-off, and send us a copy of the campleted signature
page within two weeks of this approval memo.

Attachment

cc: Kaushal Khamna, TSU
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been adversely impacted. Similar objectives apply to the aquatic inventory. To determine
whether adverse ecological impacts have occurred in Target Pond samples of phytoplankton,
zooplankton, and benthic macroinvertebrates will be collected. These samples will be collected
from the sample locations used to collect the sediment samples. Upon receipt by the laboratory
the different taxa in these communities will be identified and enumerated. At each sampling
location and near the center of Target Pond and Waterbury Lake vertical profiles of water .

temperature, specific conductivity, and dissolved oxygen will be recorded.

The literature search will consist of accessing one or more databases to obtain
information on the potential impacts of elevated levels of inorganic constituents on trees.
Several trees near the Hi-Mill Manufacturing Company have died. Information obtained during
the literature will be used to help evaluate whether the observed levels of inorganic constituents

in soil and sediment samples from the site may have killed the trees.

8.1.8 Intended Data Usage

Data from the sediment toxicity evaluation will be used to help determine if the sediment
in Target Pond is toxic to benthic macroinvertebrates. The qualitative inventory of benthic
macroinvertebrates will also be used to help determine if changes have occurred in the
composition or numbers of benthic organisms at the sampling locations in Target Pond. A
determination of toxic impacts to the overlying water column will be assessed by qualitatively
evaluating the composition and number of phytoplankton and zooplankton. The chemical
in target pond anly."™  Fijeld measurements of dissolved oxygen will provide intormaton
on the potential mobilization of inorganic constituents from the sediment and the threat of anoxia
to the aquatic fauna. Specific conductivity and water temperature will assist in determining if

the water-bodies are chemically or thermally stratified.

GERAGHTY & MILLER.INC.
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9.3 Place about 0.04 g homogenized sediment in the combustion boat and
reweigh. Record the weight. Combustion boats should not be handled
with the bare hand during this process (use forceps). If total
carbon or inorganic carbon is to be determined, cupric oxide fines
may be added to the sample to assist in combustion.

Immediately, separal:eal_iqmt(o.s-l.Og)willheweig:edinboa
pmésedgheﬁ?;r:cihme. Recard the weight, and dry the sample in oven at
105°C until constant weight is dbtained. Calculate the percent soild.

9.4 Slide the boat into the furnace.
9.5 Press the start button,
9.6 The result is recorded as total organic carbon.

9.7 Samples which are high in TOC (greater than 4000 mg/kg) are diluted
by weight with silica gel. To obtain a homogenous mixture, weighed
soil samples are ground with a weighed portion of silica gel to a
homogenous powder. An aliquot of around 0.04 g is taken from the
diluted sample for analysis.

10. OA/QC Requirements
10.1 QC Samples
10.1.1 Analyze a blank, which is a "baked" boat and 40 mg silica gel,
with]ao uL of DI water added with every batch of 20 or less
samples.

10.1.2 Two DCS samples are required with every batch of 20 or less
samples.

10.1.3 Check standards are required after every 10 or less samples
- ~and at the end of the run.

10.1.4 Dupiicates may be required as project specific QC.
- 10.1.5 Spikes may be required as project specific QC. Inject 40 ulL
of 1000 mg/L stock onto the soil sample in the boat. The
spiking concentration is 1000 mg/kg.

10.1.6 If dilutions are needed run a silica gel blank along with the
samples.

10.2 Acceptance Criteria
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10.2.1 DCS

Accuracy Precision

T0C 90-110% ' S%
10.2.2 Standard checks must be within 5% of the expected value,
10.2.3 Blanks must be less than two times the reporting limit,
1J.3 Corrective Action Required
10.3.1 Verify that the instrument is properly calibrated.

10.3.2 Check gas flows with a flow meter at various points through
out the system. Repair any leaks.

10.3.3 Check for non-linearity and also the IR output. If results
are erratic the cell may need cleaning.

11. Calculations
o 0.4 g
ng C= x Instrument Reading
s gt (o) (mg/Kg)

vhere: Sample weight (g) = Actial Sample weight (g) x $Solid

Multiple by any dilutions made to get the final result.

12. Reporting
12.1 Reparting units are mgy/Rg an dry weight basis .
12.2 Reporting Limits
Samples Tess than 100 mg/kg are reported as ND.
12.3 Significant Figures
Three significant figures are reported.
13. References
13.1 EPA Method 415.1
13.2 SW-846 Method 9060

13.3 Dohrmann DC-80 Total Organic Carbon Systems Manual Edition 11.
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1.4 Dynamic Range

The normal range is from 1 to 10 pH units. Errors at higher pH may
be reduced by using a low-sodium-error electrode.

1.5 Analysis Time

Preparation time is about 30 mimtes. Approximate analytical
time is 5 mimutes per sample

Method Summary
The sample is mixed with deionized water; if calcareous (high calcium
containing) soil samples are being analyzed, a calcium chloride solution
is used instead of water. The pH is then measured electrochemically.
(Comments
3.1 Interferences
3.1.1 Incorrect results may occur at very high (>10) or very low
(<1) pH. Errors at high pH may be reduced by using a Tow-
sodium-error electrode.
3.1.2 Temperature fluctuations will cause measurement errors.
3.1.3 011 may coat the electrode and interfere with response.
3.2 Helpful Hints

3.2.1 pH values of soils in 0.0IM CaC12 tend to be just slightly
lower than but highly correlated with those in water.

Safety Issues

4.1 A1l employees are expected to be familiar with and follow the
procedures outlined in the Enseco/RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 A1l samples should be considered potentiallﬁ hazardous and handled
with appropriate caution. Wear gloves and handle in a hood as much
as possible.
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5. Samples Collection, Preservation, Containers, and Holding Times

6.

5.1 Samples are to be collected in suitable wide-mouth containers and
stored at 4°C,

6.2 There is no holding time for pH on soil samples. Samples, however,
mst be analyzed within one hour of mixing with deianized water ar
calcium chlaride solution.

Apparatus

.1 pH meter and electrodes. A combination electrode may be used.

5.2 Beakers and other miscellaneous apparatus and glassware.

6.3 Glass wool.

Reagents and Standards

7.1 Buffers -- pH 4, 7, and 10. Obtain commercially.

7.2 Calcium Chloride, 0.01 M
Dissolve 1.47 g Calcium Chloride Dihydrate in deionized water and
dilute to 1000 mL. Check the pH and adjust if necessary to between 5
and 6.5 with calcium hydroxide or hydrochloric acid. The conductance
of this solution should be 2320 + B0 umho/cm at 25°C.

7.3 DCS (Duplicate Control Sample)

Obtain a reference material with a certified value for pH. Sources
include NTIS and various commercial suppliers. The true value for
this material will vary from source to source, but must be
established independently of the buffers used for calibration, For
example, the minerals control sample from Environmental Resource
Associates typically has a “true" pH of §.2. The material is
prepared according to the manufacturer's instructions.

Procedure

8.1 Wastes, Qils, and Nonecalcareous Soils
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3.2

3.3

8.1.]  Weigh 20 g sample into a 100 ml beaker and add 40 ml deicnized
water. Mix with constant stirring with a magnet stirrer for
30 nﬁ;lnzas. o

8.1.2 Immediately, the pH of the sample will be'mgasurgd by inserting
the electrode into the resulting paste as given in Section 8.3.2.

Calcareous (high calcium containing) Soils

8.2.1 Weigh 10 g sample into a beaker and add 20 mL 0.01 M
calcium chloride. Mix occasionally over the next 30
minutes.

8.2.2 Immediately, the pH of the sample will be measured by inserting
the electrode into the resulting paste as given in Section 8.3.2.
Measurement of pH
8.3.1 Calibrate the pH meter using at least 2 buffers in the
e

range expected for the samples (pH 4 and 7 for acidic
samples, pH 7 and 10 for alkaline samples).

8.3.2 Inserttheelect:uhmtotbemltin}pastemﬂerstlrnm.

8.3.3 Allow the reading to stabilize and record the pH. Rinse
the electrodes well between measurements.

9. QA/QC Requirements

9.1

QC Samples

9.1.1 The prep blank for.soil pH is 40 mLs DI water. The blank
should be prepped with the samples.

9.1.2 Two DCSs are required with each batch of 20 or less
samples.
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ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sole property of ENSECO
INC. It is submitted to a client or government agency solely for its use in
evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
proprietary to Enseco.

The user agrees by its acceptance or use of this document to return it upon
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or
dispose of the contents, directly or indirectly, and not to use it for any
purpose other than that for which it was specifically furnished. The user
also agrees that where consultants or others outside of the user's
organization are involved in the evaluation process, access to these documents
shali not be given to those parties, unless those parties also specifically
agree to these conditions.

1. Scope and Application
{.1 Analytes

This method covers the determination of total organic carbon using
the Dohrmann DC-80 TOC analyzer.

1.2 The detection limit is.100 mg/kg.
1.3 App]icable Matrices

This method is applicable to soils, sludges, and sediments.

Presared Dy: ‘ ) “Eite: 001
- - e/ eptember 3, 1
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Management Approval: Date:
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1.4 Dynamic Range

Instrument response is linear to 4000 m?/kg. Higher concentrations
may be analyzed by dilution of the samples.

:.5 Approximate analytical time is 5 minutes per sample.

Summary of Method

"he sample is treated with HCL to drive off inorganic carbonates. Organic
carbon in the sample is converted to carbon dioxide (COé) by catalytic
combustion. The CO2 formed is measured by an infrared detector. The
amount of COz is directly proportional to the concentration of
arbonaceous material in the sample.

Comments

3.1 O0ily samples will cause erratic results. This is minimized by
homogenization of the sampie.

safety Issues
Follow normal laboratory precautions.
Sampling

Samples are collected in glass jars and kept at a temperature of 49C and
protected from sunlight and atmospheric oxygen.

Apparatus

6.1 Dohrmann DC-80 TOC Analyzer with sludge/sediment s;mpler.
6.2 Volumetric pipettes, volumetric flasks, beakers, etc.
Reagents and Standards '

7.1 10% HCL

Carefully add 10 miLs of concentrated HCL to 90 mLs of deionized
water,

7.2 Sodium Persulfate

Add 20 g of K2520g to 500 mL of deionized water., Add 1 mL
concentrated HNO3 and dilute to 1000 mL with deionized water.
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7.3 TOC calibration Standard, 2000 mg/L

Dissolve 4.256 g potassium hydrogen phthalate in about 600 mL
deionized water, add 2 mL concentrated sulfuric acid and dilute to
1000 mLs with deionized water.

DCS/ICB Solution, 1000 mg/L

Dissolve 2.128 g potassium hydrogen phthalate (use a chemical source
independent from that used for the calibration standard) in about 600
mL deionized water, add 2 mL concentrated sulfuric acid, and dilute
to 1000 mL with deionized water.

7.5 Silica Gel - baked in muffle furnace prior to use.

8. Procedure

&.1 Saﬁple Prep

8.2

8.1.1

8.1.2

8.1.3

8.1.4

A 3-5 g representative aliquot of sample is air dried
overnight.

Sampies should be homogenized and ground to a very fine mesh.
Leave out any extraneous artifacts, ie., glass chards, large
twigs and leaves, etc.

On a watch glass add a few drops of 10% HCL to the dried,
ground sample. If any fizzing occurs, saturate the sample
slowly with 10% HCL. Redry sample. Test for fizzing again.
Repeat until no fizzing or no inorganic carbon occurs.

-

Redry and regrind the sample.

Instrument Set-up

8.2.1
8‘2.2

Turn on furnace and alfow about 1/2 hour to warm up.

When furnace is up to temperature (as indicated by an intense
red glow) adjust the oxygen to 200 cc/min and turn on the
power switch to the detector unit.
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S.

8.2.3

8.2.4

8.2.5

8.2.6

8.2.7

Analysis

9.1 Remove

Prior to running samples make sure that:

Gas is coming into the UV reactor.
Water column height difference in the U-tube is
approximately 3-4", (This is typical back pressure
indicator).

- UV Tamp is turned off.

- The reactor is filled with sodium persulfate reagent.

Observe the baseline on the digital display. It should be
stable after the furnace temperature is established and all
the C02 is purged out of the reactor.

The platinum boat may accumulate carbonaceous impurities,
mainly from the carrier gas. When the boat has been in the
cool zone for a lTong period of time it should be placed in the
furnace for at least two minute to "bake" before use.

Adjust Control Module Settings:

Mode Selection Switch: TOC
Sample Volume Select: 40 ul

Check instrument calibration by analyzing a 2000 mg/L
standards. Inject 40 ulL of this standard through the septum
onto 40 mg of silica gel in the boat. Move the boat into the
furnace and press the start button, If result is not within
10%, recalibrate. To erase prior calibration press the CALIB
button for more than one second. Then repeat the procedure
listed above for three injections of the 2000 mg/L standard.
Be sure to let the boat cool for about a minute when removing
from the furnace. Press CALIB button to recalibrate.
Finally, run a 2000 mg/L standard to check calibration.

boat from the flip toﬁ inlet block.

9.2 Weigh the combustion boat and record the weight.
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10.

9.3 Place about 0.04 g homogenized sediment in the combustion boat and
reweigh. Record the weight. Combustion boats should not be handled
with the -bare hand during this process (use forceps). If total
carbon or inorganic carbon is to be determined, cupric oxide fines
may be added to the sample to assist in combustion.

Innediately,as@arateaquu:t(o.s-l.omwinbeweighgdintoa
preseighed crucible. Recard the weight, and dry the sample in oven at

105°C until constant weight is obtained. Calculate the percent soild.

9.4 Slide the boat into the furnace.
$.5 Press the start button.
#.6 The result is recorded as total organic carbon.

0.7 Samples which are high in TOC (greater than 4000 mg/kg) are diluted
by weight with silica gel. To obtain a homogenous mixture, weighed
soil samples are ground with a weighed portion of siiica gel to a
homogenous powder. An aliquot of around 0.04 g is taken from the
diluted sample for analysis.

(A/QC Requirements
10.1 QC Samples

10.1.1 Analyze a blank, which is a "baked" boat and 40 mg silica gel,
with 40 ul of DI water added with every batch of 20 or less
samples. .

10.1.2 Two DCS samples are required with every batch cof 20 or less
samples. .

-

10.1.3 Check standards are required after every 10 or less samples
and at the end of the run.

10.1.4 Duplicates may be required as project specific QC.

10.1.5 Spikes may be required as project specific QC. Inject 40 uL
of 1000 mg/L stock onto the soil sample in the boat. The
spiking concentration is 1000 mg/kg.

10.1.6 If dilutions are needed run a silica gel hlank along with the
sampies.

10.2 Acceptance Criteria
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10.2.1 DCS

Accuracy Precision

T0C 90-110% ' 5%
10.2.2 Standard checks must be within 5% of the expected value.
10.2.3 8lanks must be less than two times the reporting limit.
11.3 Corrective Action Required
10.3.1 Verify that the instrument is prcperly calibrated.

10.3.2 Check gas flows with a flow meter at various points through
out the system. Repair any leaks.

10.3.3 Check for non-linearity and also the IR output. If results
are erratic the cell may need cieaning.

11. Calculations
/g e
my, C= x Instrument Reading (mg/Kg)
Sample Weight (g)

where: Sample weight (g) = Actual Sample weight (g) x $Solid

Multiple by any dilutions made to get the final result.

12. Reporting
12.1 Reparting units are mg/Kg on dry weight basis
12.2 Reporting Limits
- Samples less than 100 mg/kg Sre reported as NOD.
12.3 Significant Figures
Three significant figures are reported.
13. References
13.1 EPA Method 415.1
13.2 SW-846 Method 9060

13.3 Dohrmann DC-E0 Total Organic Carbon Systems Manual Edition 11.
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ENSECO PROPRIETARY INFORMATION STATEMENT

This Jocument has been prepared by and remains the sole property of ENSECO INC.
It is submitted to a client or government agency solely for its use in
evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
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agrees that where consultants or others outside of the user's organization are
invoived in the evaluation process, access to these documents shall not be given
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cond‘tions.

1. Scope and Application
1.1 Analytes
This method is applicable to the determination of pH.
1.2 Reporting Limit
A repo}ting T1imit for pH is not defined.
. 1.3 Applicable Matrices -
This method is applicable to wastes, oils and soils, both calcareous
(high calcium containing) and non-calcareous, If there is

‘uncertainty as to the type of soil being analyzed, the soil will be
treated as non-calcareous.
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1.4 Dynamic Range

The normal range is from 1 to 10 pH units. Errors at higher pH may
be reduced by using a low-sodium-error electrode.

1.5 Analysis Time
Preparation time is about 30 mimutes. Approximate analytical
time is 5 mimrtes per sample

Method Summary

The sample is mixed with deionized water; if calcareous (high calcium
containing) soil samples are being analyzed, a calcium chloride solution
is used instead of water. The pH is then measured electrochemically.

(lomments
3.1 Interferences

3.1.1 Incorrect results may occur at very high (>10) or very low
(<1) pH. Errors at high pH may be reduced by using a low-
sodium-error electrode.

3.1.2 Temperature fluctuations will cause measurement errors.
3.1.3 011 may coat the electrode and interfere with response.

3,2 Helpful Hints .
3.2.1 pH values of soils in 0.01M CaCl2 tend to be just siightly
lower than but highly correlated with those in water.

Safety Issues

4.1 A1l employees are expected to be familiar with and follow the
procedures outlined in the Enseco/RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 A1l samples should be considered potentially hazardous and handled
with appropriate caution. Wear gloves and handle in a hood as much
as possible.
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tamples Collection, Preservation, Containers, and Holding Times

£.1 Samples are to be collected in suitable wide-mouth containers and
stored at 4°C.

%.2 There is no holding time for pH on soil samples. Samples, however,
mst be analyzed within aone hour of mixing with deiaonized water or
calcium dilaride solutian.

fipparatus

.1 pH meter and electredes. A combination electrode may be used.

5.2 Beakers and other miscellaneous apparatus and glassware.

6.3 Glass wool.

Reagents and Standarcs

7.1 Buffers -- pH 4, 7, and 10. OQbtain commercially.

7.2 Calcium Chloride, 0.0l M
Dissolve 1.47 g Calcium Chloride Dihydrate in deionized water and
dilute to 1000 m.. Check the pH and adjust if necessary tc between 5
and 6.5 with ceiciur hydroxide or hydrochloric acid. The conductanrce
of this soiution snculd be 2320 + 80 umho/cm at 25°C.

7.3 OCS (Duplicate Control Sample)

Obtain a reference material with a certified value for pH. Sources
include NTIS and various commercial suppliers. The true value for
this material will vary from source to source, but must be
established independently of the buffers used for calibration. For
example, the minerals control sample from Environmental Resource
Associates typically has a “true" pH of 9.2. The material is
prepared according to the manufacturer's instructions.

Procedure

§.1 wWastes, 0Qils, ant hen-calcareous Scils
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8.1.1

8.1.2

Weigh 20 g sample into a 100 ml beaker and add 40 ml deionized
water. Mix with constant stirring with a magnet stirrer far

30 mimites.

Imnediately, the pH of the sample will be measured by ipserting
the electrode into the resulting paste as given in Sectian 8.3.2.

3.2 Calcareous (high calcium containing) Soils

8.2.1

8.2.2

Weigh 10 g sample into a beaker and add 20 ~L C.Cl M
calcium chloride. Mix occasionally over the next 30
minutes.

Imnediately, the pH of the sample will be measurcd by inserting
the electrode into the resulting paste as given in Section 8.3.2.

3.3 Measurement of pH

8.3.1

8.3.2

8.3.3

Calibrate the pH meter using at least 2 buffers in the
range expected for the sampies (pH 4 and 7 for acidic
samples, pH 7 and 10 for alkaline samples).

Insert the electrode into the resultiné paste under stirring.

Allow the reading to stabilize and record the pH. Rinse
the electrodes well between measurements.

-

-~

9. QA/QC Requirements
3.1 QC Samples

9.1.1

9.1.2

The prep blank for soil pH is 40 mls DI water. The blank
should be prepped with the samples.

Two DCSs are required with each batch of 20 or less
samples.
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8.1.3 A standard check and a blank check are required after every

9.1.4
9.1.5
9.1.6

(Ve )
N

9.2.1
§.2.2
9.2.4
9.2.5
9.2.6

10 or less samples and at the end of the run. Any of the
calibration buffers or DCS solution may be used for the
standard check.

Duplicates may be required for project specific QC.

It is not possible to spike samples for pH. N

See Enseco SOP M-EQA-002 and the Enseco QAPP for additional
information.

Acceptance Criteria

DCS recovery must be 98 to 102%.

The RPD for DCS samples must be less than 5%.

Standard checks must be within 2% of the expected value.
There are no acceptance criteria for project specific QC.

See Enseco SOP M-EQA-002 for additional information.

3.3 Corrective Action Required

9.3.1

9.3.2 .

9.3.3

9.3.4
9.3.5
9.3.6

10. Calculations

Check buffers and DCS to ensure that the expiration dates
have not been exceeded. Replace solutions if necessary.

Check the electrodes and clean them if necessary. Replace
filling solutions.

Check electrode slope. If less than 98% of theoretical
Nernstian value, the electrode should be replaced.

Recalibrate the meter and recheck against DCS.
Reanalyze all affected samples.

Consult supervisor if problems persist.

There are no calculations for pH.
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11. Reporting Requirements

12.

11.2

11.4

Results are reported in pH units.

Significant Figures

Report results to one decimal place (+ 0.1 unit).
LIMS Data Entry

The usual standards for data entry apply.

References

12.1
12.2
12.3

+2.4

12.5

12.5

Method source: SW-846 3rd Edition Method 9045, ASTM D 2110-78(B).
Additional Information: Methods of Soil Analysis, 2nd Edition

Deviations from source method and rationale
The calcium chloride solution is not initially prepared as a
concentrate. It is not standardized against silver nitrate.

O0ily samples are handled by procedures based on ASTM D2110-78(B), pH
of Water Extracts of Halogenated Organic Solvents and Their
Admixtures, ODeionized water s used instead of boiled distilled
water, and phase separation is achieved using glass wool rather than
separatory funnels.

Related Documents:

12.4.1 LM-RMA-1071 pH, Alkalinity, Conductance‘(Autotitrator)
12.4.2  LM-RMA-1091 pH (Manual Method)

12.4.3 M-EQA-002 Internal QC Checks - Laboratory Performance QC
12.4.4 Enseco QAPP

Updates to SOP

Version 2.0 was updated to Version 3.0 to include provision for
analysis of a prep blank.




